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BRIEF OVERV I EW
INDUSTR IAL PROF ILE
PLASTICS INDUSTRY

OBJ ECTIVE AND SCOPE

This brief overv i ew report will present an assessment of some significant
indus tria l wastewater disposa l aspects of a portion of the plastics
industry , with particular reference to a feasibility study of a waste—
water management program for the Merrimack River Basin. Time and
effor t were l i m i ted and , therefore, the scope of the report w i l l  be
corres pond i ng ly  b r i e f .

Based on information developed in the management study to date and
furnished by the Corps of Engineers , the products manufactured by p last i c
indus try plants in the study area include those listed in Table 1 follow-
in g.

TABLE 1

PRODUCT SIC COD E

Nylon - 6 28219_11.0

Polystyrene 28213-10

Pol yethylene 282114.~11 (High Density)
282124._12 (Low Density)

Polyvi nyl Chloride 28212-10

Polyv i nyl  Aceta te 28212-20

Polyv i nyl Alcoho l 28212—30

Butacflene-Styrene 28213-20
Resi ns

The manufacturers producing these products whose plants are located
within the study a rea inc lude  Borde n Chemical Company, Foster—Grant , I nc.,
G rea t America n Plas t ics Company, and Paragon Plastics Company. The in-
vestigations conducted and the disc ussions presented here with reference
to wastewater quantities and characteristics will be focused on the
products and processes represented by the list in Table 1.
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The plastics and synthetic resins industry, l i k e  the organic chemic a l
i ndustry as a whole , cannot be described meaningfully as a single
entity . There is a very wide variety of products represented , manu-
factured by a mul titude of processes, although in some cases the bulk
of a particular product may be made by a single processing technique .
For example, approx i mately 85 percent of the pol yvinyl chloride is
made by the suspension process. However, there are still significant
d i f f e r e nces, not only among the various manufacturers but also between
d i fferent plants of the same manufacturer , due to varying in—pl ant
wastewater control practices , var iations In degree of utilization of
manufacturing plant capac i ty , differing suspending agents and catalysts
or i n i t i a t o r s  used , etc. For instance, for three separate polyvinyl
chloride resin plan ts using essentially the same process, a 15—fold
difference in the amount of BOD per unit product has been observed in
plant effluent.

On the other ha nd , sufficien t data were not available nor was time
available to obtain data specific to the plants andprocesses invo l ved
In the study area to permit a specific eval uation of wastewater genera-
tio n and disposal practices pointed exclusively at those plants. There-
fore, readily available published data and some unpublished information
have been used to characterize generally the wastewater loading and
quality and to serve as a basis for coment on production , treatmen t
and disposal practices. A better basi s for an evaluation such as this
should be available upon completion of the current EPA-sponsored study
to define effluent guidelines for various industries . These studies
are direc ted toward the development of a defi nition of raw waste loadings ,
base l evel of treatment and the best available degree of treatment at
the current state—of—the—art.

An objective specified in information furnished by the Corps of Engineers
as an “ultima te goal” is the removal of “all possible pollutants ” . A
further definition of that objective has been given as the “max imum
feas ib l e  pur i ty” with regard to certain water quality parameters as
follows :

TABLE 2

BOD less than 2 mg/L

COD less than 5 mg/I

Suspended Solids less than 2 mg/I

Nitrogen less than 1 mg/L

Phosphorus less than 1 mg/L

Total Dissolved Solids less than 100 mg/I

_ _
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The genera l discussion of treatment alternativ es Included here is based
generally on a program to attain the above listed quality objectives.

MANUFACTURING PROCESSES AND WASTEWATERS

Genera l

The following discussi on of manufacturing processes and wastewater
characteristics , sources, loadings , etc. associated with those processes
will be restricted essentially to polyme r production . That is , waste-
water problems associated with monomer manufacture will not be included .
The polymers listed in Table 1 as including those manufactured by plants
in the Merrimack study area does not include all polymers manufactured ,
although a large proportion of the total production is represented by
the types include d here. For instance, polyethylene, polyvinyl
chloride , and polystyrene polymers represent the three largest types
in production .

Some Information has been developed in the past characterizing the
wastewater problem of the plastics industry and the related (monomer)
i ndustries . (i), (2), (3) , (14.).

These reports plus some unpubl ished data and fil e information were used
to develop the preliminary characterization of wastewater from the
plastics I ndustry presented here.

As with a number of industries, the variations in~~ollng w.3ter use andrecirculation practice in the plastics industry exert a signi ficant in-
fl uence on total water use and on effluent quality . Generally speaking,
cooling water from plastics manufacturing is “clean” in the sense that
it does not directly contact the processed materials. Of course,
where very high effluent quality is the objective, as with “maximum
feasible purity ”, (Table 2) in the ultimate goal of this study, blowdown
from rec i rculated cooling systems could not be considered “clean”.
Corrosion and scale prevention additives are comonly used, as are slime
control chemicals. These might inc l ude nitrogen or phosphorus compounds,
as well as some metallic compounds , notably chromium. The use of mercury ,
zinc , and other organo—meta llic compounds for biologica l growth control
in recirculating cooling systems is being supplanted by the use of more
degradable organic compounds. The objective of low disso lved solids
(less than 100 milligrams per liter) in an effluen t is essentially im-
possible without treatment (dei onization ) for rec i rculated cooling systems
using evaporative coolin g, since raw water dissolved solids content will
be increased in such systems by a factor between two and tei times the
initial concentration .

The potential for elimination of process materials with relatively high
pollutional impact or for their substitution by materials of lower or
zero pollution potential is considered to be relatively low for this
industry . The principa l raw material is , of course, the monomer(s)
requ i red for the specific polymer (or copol ymer) being manufactured.
No substitution is practical for the basic raw material , except by
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total product elimination or substitution by a product wi th lower
pol l ution—generation characteristics. The overall potential for such
practice is not great, since needs, uses and markets for different
pol ymers , plastics and resins have been generated, to a large extent,
by the peculiar and specific properties of the Individual products.
An in—depth study of the industry to determine and evaluate interchange—
ability of various products, particularly substitution of low-pollution—
per—pound materials , is required to assess the real impact of this
approach. Of course, such a study would need to consider the optimum
waste control and pollution impact from raw material production through
monome r manufacture to product use and disposal.

A somewhat more potentially fruitfu l application of material elimination
or substitution as a means of pollution control is related to additive
and control compounds, such as initiators or catalysts, delusterants,
inhibitors , suspending and dispersing agents, light and heat stabilizers ,
antlox i dants, etc. The different, specific and desired properties of
the many varieties of polymeric compounds are, to a large degree, a
function of types and amounts of these materials used. Along with
actual thruput capaci ty of equ i pment, the specific modifying compounds
and their amounts or combination s are the most Jealously guarded and
best kept competitive secrets in the industry . A real assessment of
the potential of this approach on a broad base would require an Industry—
wide cooperative study. Of course, there is a significant economic in-
centive to Individual plants and companies faced wi th stringent effluent
quality req .ilrements to balance (optimize) material selection wi th
effluent treatment and disposal requ i rements and costs.

Probably the most promising in—plant approach to controlling environmental
Impact of plastics manufacturing is in the recovery, recycle and reuse
of materials In the pol ymerization operations. To a very significant
degree, these steps are practiced currently. The efficiency of such
measures has been dictated in the past largely by “recovery economics”
related to material costs. Effluent treatment and disposal costs and
their impact on the selection of the degree of recovery efficiency of
monomers, oligomers , solvents, and other materials have not been nearly
as significant a factor in the past as they would represent with the
current and future trends in effluent quality requ i rements.

In some cases, waste or recovered product may be depolymerized for re-
processing. This Is not generally the case, however, and would not
be expected to be a significant factor in controlling environmental
Impact.

Practically all plastics and pol ymer plants practice wastewater segre-
gation to some degree now. Non—contact cooling waters are usually
separate within the process, although quite frequently these and other
streams are combined in a comon effluent. For the very high effluent

~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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qual ity requ i ren en t defined by the “ maximum feasible purity ” obj ect ive
mentioned previously , the most useful segregation scheme would probably
be to classify and combine waste w aters in relation to the typ e of con-
ditioning/treatment necessary for the appropriate reuse or disposal
alternative:

A. inorganic - contaminated streams, with essentially no organic
pollutants where chemical treatment or membrane or resin processing
would be an appropriate treatment, for example:

1. BoIler blowdown

2. Cooling system blowdown

3. Water treatment backwash or sludge

14• Softener or deminera lizer regeneration wastes

5. Process wastes, such as washwaters, scrubber effluents , etc.

B. Concentrated organic — contaminated wastewaters, where specialized
treatment such as incineration or recovery techniques could be
appl led.

C. Dilute organic — contaminated wastewaters, where conventional
secondary (biolog ical) or secondary — tertiary (e.g. physical—
chemical) can be applied .

A brief discussion of applicable treatment and disposal systems is
presented in the section “treatment Systems and Costs”.

It should be noted that the effluent quality implied i n  the “maximum
feasible purit y” objective should be equiva lent to water quality required
to permit a very hig h degree of reuse. The feasibility of such reuse
in a specific plant can only be defined as a result of an individual
study and design for that case.

Information Sources for Individual Polymers and Resins

Brief discussi ons and data relative to specific pol ymers and resins ,
as well as references where additional information may be obta i ned are
presented in the following sections.

Nylon 6

Ny lon 6 is a polyamide—type condensation polymer. It is formed by
continuous pol ymerization of a single monomer, caproloctam, in a tubular
reactor at about 250°C. A chain terminator , such as acetic acid , may
be used. Water or the Nylon 6,6 salt serves as an initiator. A
titan i um dioxide slurry Is often added as a delusterant In the reactor.

~~~~~~~~~~~~~~ ~~~~~~i, —- ~- .-. .-— ~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~ -
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Unr eacted monomer an d low mol ecul ar wei ght oli gomers are stripped
from the reactor product for recovery. The resin is extruded, cooled
and pelletized . Other additives may include light and heat stabilizers.
The degree and method of extraction of un reacted monomers and oligomers
Is a function In part of the use for the polymer, since these materials
afford plasticizing properties. Although data are lacking, the basic
processing techniques involved would Indicate a lower water pollution
potential for Nylon 6 than for Nylon 6,6.

Some data from reference (1) for compos I ted Nylon 6 and Ny lon 6,6
wastewaters are given In Table 3.

Polystyrene

The fundamental processing techn i que In styrene polymerization Is batch.
The monomer frequently is purifie d by distillation or by caustic wash.
This step may be done at the point of monomer manufacture or at the
polymerization plant — which affects the wastewater loading at either
point.

Three processes are used alone or In certain combinations for polymer-
ization: bulk or mass polymerization ; suspension pol ymerization ;
emulsion polymerization for latex manufacture; or a combination of bulk
and suspension . Bulk pol ymerization Is reported to be the most common .
There is very little water contact In the pre—polymerization or bulk
stage or process. In the suspension and emulsion process, suspending
and dispersing agents are used In an aqueous suspension or emulsion .
An oil— soluble catalyst is frequently used in the suspension process,
usually of the organic peroxide type.

Monomer is stripped from the reactor product. The polymer is separated
by centrlfugatlon and is further processed by filtration , washing and
dewatering.

Principa l routine sources of wastewater appear to be suspension water
and wash water. Water use has been reported to be about 1.5 gallons
per pound of product, not Including cooling water. Reuse of water in
polystyrene manufacture is reported as not common.

A material substitution possibility to reduce env i ronmental impact is
In the use of initiators or suspending agents. These materials Influence
product quality greatly and such effects must be considered and evaluated
In such substitution .

Polyethylene

There are a multitude of grades of polyethylene manufactured. Manufac-
turing (polymerization) techniques are tailored to the properties desired
in the product. The most important types are low density polyethylene (LOPE).
usually branched chain polymers;and high density polyethylene (HOPE),

~
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predominantly linear In polymer form.

LOPE is formed at pressures in excess of 10,000 psi. Small quantities
of free rad ica l sou rces, such as oxides of nitrogen or organic peroxides
are used as catalysts in either stirred autoclave or tubular reactors.
Solvents are generally not used, except for benzene or water occasionally.
Unreacted monomer is flashed from the reactor product for recycle. Molten
polymer is extruded, usually under water, and is pelletized .

HDPE is polymerlzed at considerably lower pressures than Is LDPE. For
the high density product, metal—based catalysts are used, e.g., aluminum
alkyls and titan i um tetrachloride In the Ziegler process, chromium oxi de
on silica or silica—alumina in the Phillip s Petroleum process. Reaction
may be in a solutIon—form process or in a particle—form process. In the
forme r , ethylene dissolved in a hydrocarbon solvent is contacted with
the catalyst; following completion of the reaction , the catalyst is
separated and excess monomer and solvent are flashed off. In the
particle form process, ethylene and catalyst are suspended In a circu-
lating non—solvent hydrocarbon, (e.g. pentane) In a tubular reactor.
Polymer precipitates as It forms, is settled and removed and the
hydrocarbon—monomer Is flashed off and recycled.

In both cases (HDPE and LDPE), the level of contamination of wastewater
Is low, principally because of minima l water contact in the process.
At the end of the process, where the product may be chilled and chopped
Into pellets, reci rculated chilled water is frequently used, with very
little contamination .

A summary of wastewater characteristics from polyethylene manufacture
Is given in Table 3, based on information from several sources, princi-
pally reference (1). The reason for the wide spread of water use per
unit production is not clear at this tIme, but may be related to cooling
water use practices. Ethylene polymerization is a highly exothermic
reaction and imposes a signifIcant cooling water load.

Vinyl Polymers

There are three vinyl polymers reported as being manufactured in the
Basin study area — polyvinyl chloride (PVC), polyvinyl acetate (PVAC)
and polyvi nyl alcohol (PVA). On an industry—wide volume basis , by far
the most significant of the three is PVC.

Most PVAC Is made by emulsion polymerization . An emulsion recipe generally
contalns monomer; water; protective colloids (e.g. PVA , hydroxysthy icel lu lose ,
many others); surfactants (e.g. most coninonly anionic sulfatds and sulfonates
but cationic and non—ionic emulsiflers are possible); inItiators (e.g.
organic peroxides and other free—radical types); buffers (phosphates,
acetates, bica rbonates) and molecular weight regulators (e.g. aldehydes,
thiols). Types and amounts of recipe additives are controlled largely
by product properties desired. Polymerization proceeds to a sufficiently
high degree of conversion (99 percent) that monomer stri pping is not
coninonly Justified or practiced on the basis of monomer use economics.
Copolymers with a variety of materials are also made. 

~~~~~~~~~~~~~~~~~ -.. i~.._ :, .,. ____ __ ..~_ _  ~~~.-—--.— -~~~ -
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Very litt le information and data are available on wastewater quantities
and characteristics from PVAC production alone. Table 3 presents some
data for a single source which can probably be considered fairly “typical ”.
PVAC Is a frequent copoiymer with PVC and is discussed later in that
context.

Commercially, polyvinyl alcohol (PVA ) Is made by hydrol ysis (aicoholysis)
of pol yv iny l acetate, in a methanol solution with methanolic sodium
methoxide or other alkaline agents. Acetic acid is a by—product of the
polymer gel formed. Wastewater results from product neutralizatio n ,
recovery and drying and from methanol recovery. Data on wastewater
quantities and characteristic s and Information on water use and reuse
and on reactant and by—product recovery practices and potential are not
readily available.

Polyviny l chloride (PVC) is one of the three major plastics , between
pol yethy lene and polystyrene. PVC can be made by suspension , emulsion ,
bulk or solution polymerization. Bulk and solution polymerization
processes are not yet commercially very significant , although the bulk
(two—stage) process has recently been developing and may have increased
future significance .

The suspension process accounts for the bulk of production in the viny l
resin industry, representing about 85 percent of the total ,wlth the
emulsion process accounting for most of the balance. Both polymerization
methods are batch operations and use certain organic suspending, dis-
persing or emulsifyIng agents (e.g. PVA , gelatin , methylcellu lose for
the suspension process or detergents for the emulsion process) to homo-
genize the vinyl monomers in the water phase. Pol ymerization reaction s
are initiated by the addition of catalysts (e.g. organic peroxi des)
under controlled temperature and pressure conditions. Upon completion
of reacti on, the unreacted monomer(s) is stri pped from the reacted
batch and is recovered. When using the suspension process, the reacted
content Is a coarse particulate polymer suspension which is centrifuged
to dewater and separate the PVC product. in the emulsion polymerization
technique , PVC in the reacted batch appears as latex (submicron colloida l
particle emulsion ) at PVC solids concentration of 30 to hO percent by
wei ght. Spray dry ing is used to obtain PVC pol ymer from latex when a
dry product Is desired .

In the suspension polymerization process, the majority of the wastewater
flow results from the centrifugation operation where polymer Is dewatered
and water—washed. The cleaning and rinsing of reactor vessels is the
other major source of wastewater. In addition , small quantities of
wastewaters with high l evels of contamination result from spills during
product batch transfers and reactor sampling, from cleaning contaminated
floors and from periodic dumps of wastewaters upon emptying of the
knockout vessel at the monomer stri pper. However, the only continuous
wastewater stream from the suspension polymerization process is the
centrate from the centrifuga l separation of product.

~~~~~~~~~~~~ - ~~~~I__ ~~._ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ——-- - - 

. --.



-9-

Wastewater generation in the emulsion p lant normally results from
cleaning and rinsing of production equipmen t, from losses of polymer
emulsion when cleaning, and from product sp ills during batch transfers
and reactor samplings which are washed into the sewer. The cleaning of
tank car loading areas , which are contaminated with product spills , is
another source of wastewater. There Is no continuous wastewater flow
from the emulsion pol ymerization PVC process and frequen t intermittent
flow Is a result of floor and trench cleaning water.

Wastewaters from vinyl polymerization processes contain suspended material ,
both settleable and colloida l in nature , soluble carbonaceous matter
and , to a minor degree, foam and odor producing substances. The sus-
pended solids in the wastewater are polyme r solids. A majority of sus-
pended solids in the suspension polymerization process wastewater are
coarse and readily settleable. This wastewater , after brief settling,
generally contains turbidity less than 200 mg/L. The emulsion process
wastewater suspended solids are mostly colloidal in nature and are non—
settleable. BOD—exerting materi als in the wastewater are composed of
dispersants , suspending agents , emulsifiers , stabilizers , inhibitors
and reaction initiator chemicals lost to the sewer. Other significant
sources of organic matter in the wastewater are the unreacted and unre—
covered vinyl monomers and certain formula additives such as acrylates
and acrylonitrile used in PVC latex. Generally, the reaction vessels
in the suspension polymerization process are cleaned and scoured with
sol vents prior to the final water rinsing and preparation of the vessel
for the new mix. Although solvent recovery is generally employed , some
solvent is lost to the sewer.

Using the suspension polymerizati on process, both homopolymer and co—
po lymer may be manufactured. The most common copolymer is that resulting
from the condensation of vinyl chloride and vinyl acetate monomers.
While there are no significant differences in the manufacturing processes
for making homo- and co—polymers , the resultant wastewaters are quite
differen t because of difference in the degree of monomer loss to the
wastewaters and in the nature of the suspending agents used. Based
on the examination of volatility and water solub ll ity characteristics
of the monomers , different quantities of monomer loss to the wastewater
could be anticipated. For example , vinyl chloride Is a gas at amb i ent
temperature and is sparingly sol uble in water , while vinyl acetate boils
at 73°C and is soluble in water up to 2 percent by weight. A signifi-
cantly higher quanti ty of vinyl acetate than viny l chloride could be
expected in the wastewater, even after monomers recovery by stripping.
Concentrations of vinyl chlorIde and vinyl acetate detected in two
random samples of centrate from the centrifugat lon operation were
3 mg/I and 300 mg/I respectively .

For the suspension pol ymerization process, copolymer manufacturing
generates much higher waste BOD5 than does the homopol ymer production .
A major cause for high BOD wastewater from copolyme r production is

~~~~~~~~~~ ~~~~~~~~~~~~ -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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probably the loss of vi nyl acetate monomer to waste due to lesser
volatility arid higher water solubi lity as compared to vinyl chloride
monomer, which is the only basic chemical used in polymerization to
make homo-pol ymer.

Different wastewater flows and waste loads result from the suspension
and emulsion processes and from production of homo— and co—polymers.
Based on data collected from three separate PVC plants , average waste—
water quantities and qualities generated per million pounds of product
manufactured for a “normally ” operated plant are presented in Table 14,
comparing those results to summarized survey data as published in
reference (2).

The variability illustrat ed on Table 14 is illustrative of the prob l em
in trying to generalize information for a complex industry such as
plastics. The specific processes and types of products mus t be con-
sidered in the characterization of wastewater quality and loadings .
The un i que and secret aspect of vinyl resin manufacture is the sus-
pending agent and method of suspension . Information on the specific
type and concentration of suspending agent used is often sketchy or
unavailable to anyone other than the manufacturer. Generalizations
about the oxygen demand potential or other characteristics of PVC
wastewater without the background knowledge of causative materials
can be misleading. The range of data presen ted in Table 3 for PVC
wastewater characteristics is based primarily on reference (2) and
illustrates order—of—magn i tude va l ues, as is the case for all products
shown on that table.

Butadiene—Styrene Resins

Butadiene copol ymers of styrene are mainly prepared in the composition
range to yield synthetic elastomers (rubL~ers). Styrene—butadiene
rubbers (sBR) account for a very large proportion of total synthetic
rubber p roduction . Generalized data relating wastewater quantities
and characteristics to production parameters were not derivable for
this profile.

Relation of Plants in Study Area

The data shovi in Table 3 have been transcribed or derived 
from infor-

mation given ir reference (1), (2), (3), (14.). In those references,

most of the lo~dlng data were g
iven in weight of pollut an t per unit

of production . To compare the general effluent qualit y l evel of plants

. -...
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in the study area to the more generalized data , loadings were trans-
lated Into equ i valent concentration ranges as reported in Table 3. A
comparison of effluent quality for Merrimack Basin plant s , as recorded
so far in the study, to Table 3 shows that these plants effluen t con-
centrations are within the range or somewhat below.

TREATMENT SYSTEMS AND COSTS

Selection and des i gn of treatment systems for wastewaters from plasti c
and resin manufacturing are a function of wastewater characteristics
and loadings , effluent quality objectives and specific local factors ,
such as c l ima te , available space, etc. Some information relating
wastewater character and loadings to specific products has been
presented . This information is sketchy; additional studies to expand
the data base are needed and are in fact being conducted or planned
by EPA and others (Effluen t Guidelines studies as an example). Useful
results will not be available for some time yet.

For the purposes of this basin management study, some effluent quality
objectives have been set, particularl y the”ultimate goal of maximum
feasible purity ” as defined in part by the parameters listed in Table 2.
Some lower quality objectives would be appropriate for interim goals or
for wastewaters discharged to municipal sewers. These interim effluent
quality goals need to be defined specifically for each case.

Specific pollutants to be removed and their concentrations or loadings
should be determined from wastewater sampling and analysis programs
designed for the individual case objective. Projections to a future
design base must be made. Sets of effluent quality objectives for
different time or quality goals need to be established. Based on
those factors, then, the units of treatment/disposal system can be
selected to match the duty and “ball — park ” estimates of the costs can
be made , u s i n g  gu i de l ines , procedures and es t i mat i ng fac tors i n
References (3) and (ii.). The approach is described further in the
following sections.

In Reference (14. ) ,  Figu r e l~. on page 28 is a Wastewater Treatment Sequence/
Process Substitution Diagram prepared for the organic chem i cals industry.
This diagram is generally applicable to the p lastics industry also.
This generalized diagram shows two general treatment trains , one for
“dilute ” and the other for “concentrated ” wastewaters. This breakdown
is appropriate in the case of plastics plants as well , where such seg-
regation may be appropriate. The diagram does not show all possible
treatmen t unit processes of course. However, most of those preva l ent

~~
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In use or frequently considered for wastewater of the type coninon to
the plastics industry -are included. Each unit process alternative
shown on the diagram is numbered.

Figure 13 on page 77 of Reference (3) is a modified version of the
processes substitution diagram illustrating for petrochemical waste —
waters the general level of effluent quality attainable from various
stages of the treatment system. The genera l quality levels shown on
the diagram can be applied generally to plastics and resins wastewaters
as well.

From the information on wastewater characteristics and loadings ,
effluent quality objectives (final effluent or Intermediate effluen t
or reuse), and the t reatment effectiveness of stages a treatment
system or process sequence can be selected. For example, the pr inc i pal
treatment requ i rements encountered with vinyl resin (PVC ) process
wastewaters are the removal of settleable and colloida l solids and of
soluble biodegradable organic (carbonaceous) materIal. An on—site
treatment system for atta inment of “maxImum feasible purity ” would
probably include units numbered 1,2,14,5,7,9,13,15,16,17,19,23.

Alternative trains are possible of course depending on local condition s,
in plant contro l, reuse potential , alternati ve sludge disposal points,
etc. Perhaps, depending on wastewater strength, specific addItives
and modifiers used, manufacturing schedule, etc., units 9 and 13 mig ht
be eliminated in some cases.

For intermediate goals, such as “the equiva l ent of secondary treatment
of sewage”, a treatment train for PVC wastes might include units 1,2,
14.,5,7,9,13,19,211.. For the goal of pretreatment for discharge to
municipa l sewers, where the industrial wastewater is a relatively
small portion of the total sewage flow (less than 20 percent), a
treatment train might include units 1,2,11 ,5,19,214. If the objective
set for the municipa l or regional plant Is “maximum feasible purity ”,
specific treatment compatability studies and assessment of treated
sewage effluent dissolved solids content should be made. The combined
waste treatment plant must be des i gned to satisfactorily treat the
Industrial wastes to the requ i red degree.

It must be pointed out that the suggested approach to treatment process
selection is adequate only to provide a basis for order—of—magnitude
estimates of alternative overall treatment disposal systems. Specific
plant designs for more detailed comparIsons should be based on specific
wastewater characterIzation studies and treatability I nvestigations.

Estimates of cost of the selected process train can be made using the
data presented in Figures 1—D thru 15—0 from References (Ii). These
curves relate design capac i ty of the units to capital costs. They
are based on data pertinen t to the organic chemicals industry and are

I
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - . .~~~~~~~~~~
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considered to be generally applicable to plastics as well. Investi-
gations in the organic chem i cal Industry have shown, and it is expected
that similar condition s exist for the plastics Industry, that treatmen t
costs are more related to production var iables than to wastewater flow
var i ables , so caution should be employed in the use of estImates
derived on generalized data and approaches . The cost estimates in
Figures 1—0 to 15—D are based on 1968 costs and should be extended
as appropriate. The total costs representi ng the sum of unit costs
from the curves should be increased by a facto r between 1.25 and 1.115
to accoun t for related appurten ances and other project costs. Cop i es
of Fi gure 11 and Figures 1-0 thru 15—D from Reference (Ii ) are attached
as is a copy of Figu re 13 from Reference (3).
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Figure 1-D
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Figure 3-D
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Figure 4-D
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INTRODUCTION

The purpose of this report is to provide a profile of

metal plating wastes for use In a feasibility study for

wastewater management in the Merrimack River Basin, New

England.

Because of the need to complete this study within an

extremely limited time period and budgetary constraints, the

report constitutes a summary and evaluation of readily

available information and is not a comprehensive analysis of

data and research results in this field.

-Metal plating wastes, unless properly treated before

-discharge to a stream or sewer, are extremely detrimental

to the environment. These wastes are toxic to humans and

aquatic life, corrosive to sewerage facilities, and disrupt

biological processes customarily used In municipal and

regional sewage treatment plants. Well—established technology

is available for treating metal plating wastes sufficiently

to eliminate their detrimental effects. More recent develop—

ments of partially closed systems are now in operation on an

economic basis whereby water reuse and materials recovery are

practIced . (1)

1. All references are located at the back of the report.
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CHARACTERISTICS OF WASTES

Types of Waste

The primary contaminants from metal plating processes

are hexavalent chromium, sodium cyanide, cyanides of heavy

metals, such as copper and zinc, soluble nickel salts, and

strong acid and alkalis used in metal cleaning.

The major waste streams normally encountered are as

follows: (2)

Proprietary solutions. Most metal—finishing plants

use solutions which are prepared according to manufacturers ’

formulas. These are mainly cleaners or plating-process

accelerators of various types. Exact chemical composition of

the solutions should be obtained from the manufacturer .

Cyanide concentrates. This includes cyanide plating

solutions and cyanide dips which contain relatively high con-

centrations of cyanide. Since this is one of the most toxic

— 

chemicals to both fish and other aquatic life, as well as man,

its presence even in low concentrations in wastes Is extremely

dangerous and Is to be avoided at all costs.

Cyanide rinse water originates from the rinsing of

cyanide—plated or dipped metal parts.

Concentrated acid and pickling wastes originate

primarily from stripping and cleaning of metal.

Strong acid rinse waters arise from rinsing following

acid dips, pickling solutions, and -strong acid process solutions.

3
METCALF & EDDY
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Chromates originate from both plating and rinsing

of metals which have been treated with chromate solutions in

order to coat them with a durable protective finish . Since

chromium, like cyanide, is toxic even in very low concentra-

tions, chromium wastes are segregated and treated to remove

all the chromium.

Concentrated alkalis include spent alkaline cleaning

solutions — usually containing soaps, oils, and suspended

solids — which are dumped periodically .

Other wastes requiring treatment. In most metal-

finishing plants there are wastes which contain metal compounds ,

oils, soaps, and suspended solids, which can be treated by

chemical precipitation and pH adjustment.

Wastewaters not requiring treatment. These include

cooling water and other waters unchanged in quality, which may

be discharged without treatment .

The Ohio River Valley Water Sanitation Commission

- - - 
(ORSANCO )~~~ identifies the chemicals requiring treatment in

each waste stream as shown in Table 1.

Q~aiity of Wastes

Under present circumstances, there are wide variations

in volume and concentration of wastes from plant to plant.

Manufacturing practices, plant operations, availability of

process and cooling water, and wastewater treatment require-

ments all affect the volume and composition of the final

waste effluent. Because of an Increasing competition for

METCALF & CODY
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water supplies, and more stringent enforcement of water

pollution control criteria on a national basis, the trend is

towards a greater degree of uniformity In the ”standard raw

waste load ”.

Table 2 shows a cross—section of readily available

1nformation(~
) on plants that undertake metal plating on a

routine basis. Waste volumes• cannot be related to quantities

of product manufactured on any meaningful basis because plating

Is a function of surface area. Quantities listed in the table

therefore provide no more than a very general guide for plan-

ning purposes.

Effects of Metal Plating Wastes on Sewers

Unless sufficiently diluted, plating wastes are

corrosive to sewer structures. Table 3 shows limiting con-

centrations that should -be discharged to sewers.

Effects of Metal Plating Wastes on Treatment Processes at

Municipal and Regional Plants

The effect of wastes on conventional treatment processes

at municipal and regional plants depends on the concentration

and degree of toxicity of the wastes and on the treatment

processes employed at the plant.

In general, detrimental effects can be characterized

as -follows. The metal content of wastes precipitating out in

the sedimentation process may overtax the sludge handling

capacity of the plant. Toxic metals, unless sufficiently

diluted, Impair or halt bacteriological processes involved in

6 METCALF A EDDY
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sludge digestion and secondary treatment. Table 14 shows the

concentrations and related effects of some of the important

troublesome items.(14) The activated sludge process reportedly

can tolerate greater influent metal concentrations than the

anaerobic sludge digestion process.(5)

“In practically all instances when metals cause digester

troubles copper, zinc , nickel, chromium, and cadmium are

Involved... The effects of the metals are additive and

gasification will be lowered slightly when their concentration

reaches 200 to 1400 mg/L In raw sludge (0.14 to 0.8 percent on

dry solids basis) if the sulfate concentration in sewage is low.

Concentrations of 1,000 mg/L (2 percent dry basis) will cause

gasification to cease in two to three weeks if dose is

continued. “C 5)

Effects of Metal Plating Wastes on Receiving Waters

Cyanides and metal salts, even In low concentrations,

are destructive to aquatic life. Table 5 shows the lowest

concentrations which are lethal to fish . Guideline s used by

the Massachusetts Division of Water Pollution Control for

permitting waste discharges to receiving waters are also shown

in the table.

Effects of Metal Plating Wastes on Domestic Water Supplies

The Merrimack River is presently used as a source of

domestic water supply and there is a considerable potential

for its further development . Requirement s for industrial and

domestic waste discharges should there fore be based on

9
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Table 5. ConcentratIon of Cyanides and Metal
Salts Fatal to Some Fish and Limiting Concentrations

for Discharges into Streams(6) (7)

Concentrations Fatal Limiting Concentrations
Component to some fish, for discharges in

ppm - Massachusetts, ppm

pH — 7.O to 9.5

Hexavalent chromium 5 0.0

Trivalent chromium about 5 -

Total chromium — 0.5

Cyanide 0.05 0.0

Ferrocyanide 1.45 —

Copper 0.02 0.5—1

Zinc 0.3 1

Cadmium 0.6 0.5

Nickel 5 1

maintaining and improving the river’s potential as a source of

domestic water supply . Table 6 shows limiting concentrations

of selected chemical substances in ~ater supply sources as

recommended by the U. S. Public Health Service. Also shown

are levels which constitute grounds for rejection of a water

supply.

11 METCALF & EDDY

~~~~~~~~ — - . 5 _ --—-—_ ----- -- -.- - - -  
~~~~~~~~~~

— --- • ---•--—-~~~~~ -—-~—- .5- -- - - -- -.5-----



.5 ---- -----.5- - — - - ------— - -  _ _ _ _ _ _ _ _ _ _ _ _ _

Table 6. Selected U. S. Public Health Service
Drinking Water Standards (8)

Recommended Maximum Levels for
Component - Level, ppm Rejection, ppm

ArsenIc 0.01 0.05

Barium -— 1.0

Chloride 250 -—

Copper 1.00 --
Cyanide 0.01 0.2

Iron 0.3 ——
Cadmium -- --
Nickel 2.0 ——
Sulfate 250 ——
Tin 1.0 — —
Zinc 5.0 ——
Hexavalent chromium -- 0.05

Trivalent chromium -- 1.0

• Lead —— 0.05

Silver —— 0.05

12 
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CONVENTIONAL WASTE TREATMENT PRACTICES

The objective of plating waste treatment operations

is the removal of cyanides , chromium , and all other metals.

Batch versus Continuous Treatment

Metal plating wastes may be treated as a continuous

flow process or may be collected in tanks and treated in a batch

operation.

Batch treatment operations are generally suitable for

smaller plants where intermittent storage of wastes is feasible.

Batch operations provide better control over the treatment and

discharge of wastes, require less chemicals , and provide

better equalization where manufacturing processes Involve slug

discharges.

Continuous flow treatment permits handling of larger

waste flows for the sizes of facilities involved and is easier

to control automatically . However, automatic control is

difficult and various checks and safety precautions must be

provided to protect the receiving waters .

Methods of Treatment

Cyanides and chromates can be- treated more easily when

separated. The most common methods of’ treating metal plating

wastes are on this basis.

The treatment of cyanides can be accomplished by at

least 10 methods (3): chlorination, hypochlorites, chlorine —

dioxide , ozonation , conversion to less toxic cyanide complexes ,

13 METCAI F A EDDY
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electrolytic oxidation, acidificatiàn , lime—sulfur method ,

ion exchange, and heating to dryness. The most commonly used

method is the destruction of cyanide by chlorine gas or by

hypochiorites.

Chromium wastes may be treated by a variety of reduc-

tion methods followed by precipitation or by ion exchange .

The former method is used most commonly for treatment.

The removal of other metals is usually accomplished

by neutralization to pH 8.5 under which conditions they are

precipitated as hydroxides .

Conventional Treatment of Metal Plating Wastes

Figure 1, reproduced from Reference No. 3, shows a

waste flow schematic for the most common treatment process.

cyanide Destruction. -Treatment involves the addition

of alkalinity, usually caustic soda, to raise the pH to about 11.

Oxidation by the addition of chlorine is then accomplished .

To Insure complete destruction of cyanide, violent agitation

must accompany the chlorination . About 6 lbs. each of caustic

soda and chlorine are required to oxidize 1 lb. of cyanide.(3)

Conversion of cyanide to cyanate is rapid but about 24 hours

are required to complete the process.(3) For this reason,

the process usually involves two steps : oxidation at pH 11

followed by lowering of pH to 8 and further addition of

chlorine to convert cyanates to nitrogen and C02. In this

way the time required for completion of the process is reduced

to under an hour.
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Chromium Reduction and Precipitation. This treatment

Involves reduction of the toxic hexava].ent chromium in the

waste to its trivalent stage using reducing agents such as

sulfur dioxide , sulfites, or ferrous sulfate. To insure

complete reaction a pH of 3 or lower is necessary . This is

accomplished by the addition of sulfuric acid. After reduc-

tion is completed lime slurry is added to raise the pH and

precipitate the trivalent chromium. One ppm chromium requires

about 16 ppm o.f copperas, 6 ppm of sulfuric acid, and 9.5 ppm

of lime; producing about 2 ppm of chromic hydroxide and

0. 11 ppm ferric hydroxide sludges as well as 2 ppm calcium

sulfate. (3)

Neutralization and Precipitation of Metals. Usually

precipitation of metals in reduced and oxidized cyanide wastes

is carried out together with precipitation of other metals

carried in acid and alkaline wastes. This is shown on Figure 1.

Normally, lime slurry is added to neutralize and precipitate

the metals.

Disposal of Sludge. Two methods are usually used for

sludge disposal. Where space permits, sludge is pumped to

lagoons for dewatering and settling. The liquid is not toxic

and may be discharged to a water course. Dried sludge normally

is excavated and hauled away to a disposal site.

Another method of sludge disposal is thickening, vacuum

filtration and hauling to a disposal site.

15
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CURRENT DEVELOPMENTS IN WASTE TREATMENT

Under free enterprise economic systems , man Is

constantly seeking better and, hopefully, more economical

ways of accomplishing desired objectives. The wastewater

treatment field is no exception. In the metal plating industry

accepted practices of —

1. cyanide destruction

2. chromate reduction

3. chemical recovery , and

Il. solids handling

are being challenged , continually .

cyanide Destruction

~~ent Baths. In the past, spent plating baths have

been stored and then discharged at controlled rates into treat-

ment facilities for rinse waters . The major part of the

cyanide in such wastes can be destroyed by electrolytic

oxidation . Residual cyanides must be destroyed by conven—

tional methods used for rinse waters . Although there Is some

saving in chemicals, power requirements are high and several

days treatment time is required.

The cyanide in spent baths can be destroyed also by

mixing with waste chromic acid when available. This method

requires that copper Ion be present as a catalyst and chromic

acid must be used In excess. The resultant mixture must be

METCALF A EDDY
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passed to a chrome reduction facility to destroy the excess

chromates.

Integrated System. In properly designed new plants or

in some old plants, it is possible to use the proprietary

“Integrated System”, often referred to as the “Lancy System”.

In this, at least two rinse tanks must be employed as shown

on Figure 2 and space must be available for the chemical

supply tank. The first rinse tank is actually a chemical

treatment bath in which alkaline hypochlorite is recirculated

and accomplishes destruction ot the cyanides. The second is

a true rinse tank whlèh removes the chemical treatment solu-

tion. The effluent from it contains traces of cyanides,

cyanates, and metal ions. Normally, it is suitable for direct

discharge to a municipal sewer system but may not be suitable

for direct discharge to a stream.

In the integrated system, spent baths must be treated

separately or metered to the chemical tank.

Ozone. Ozone has been promoted as an oxidant for

destroying cyanides. One plant, that of the Boeing Company

at Wichita, Kansas, has been in successful operation since

1958. There appears to be no trend towards using ozone for

this purpose. The use of ozone appears to be limited to very

large plants.

Peroxide. A proprietary process (Kastone) has been

successfully applied to the destruction of cyanide In rise

waters from zinc and cadmium plating of ferrous metals. Zinc

1 METCALF A EDDY
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and cadmium are precipitated simultaneously and can be

removed by simple filtration . Kastone contains 41 percent

hydrogen peroxide with a small amount of a patented catalytic

compound, which aids in decomposing metal cyanide complexes.

A major- disadvantage of the process Is that wastewaters

must be heated to 120°F and formaldehyde must be added . The

latter is converted to glycolic acid which would increase the

BOD. Oxidation of cyanide- results in the formation of cyanate.

Evaporation. In systems with adequate counter-current

rinsing, it is practical, to capture and evaporate all of the

rinse waters. The concentrate containing the cyanides is

returned to the plating bath and the distillate is recycled

as rinse water. Demineralized water should be used for makeup

to compensate for natural evaporative losses.

Ion Exchange. Although Ion exchange was considered a

promising method of’ cyanide removal from rinse waters more

than 20 years ago, it has not become an accepted method ,

mainly because the exchange process serves solely to concen-

trate, not destroy .

Chromate Reduction

a Spent Baths. At least two schemes of treatment are

proposed which will reduce the amount of chromic acid plating

liquor requiring disposal by the usual reduction method.

Cation exchange can be used as a purifier to remove

contaminant metals from plating and anodizing baths. This

requires dilution with water before exchange and evaporation

20 METCALF & EDDY
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to reconcentrate the chromic acid for reuse.

Anion exchange can be used to reclaim chromates from

spent baths. This scheme Is practical in situations where

anion exchange is used to remove chromates from rinse waters.

A new method of disposal involves - reduction of

chromates In spent baths by addition of spent cyanide baths ,

as discussed above under cyanides. Excess cyanide must be

used or vice versa.

Rinse Waters. A proprietary in—line , Integrated system

of chrome reduction employing the same physical arrangement as

shown on Figure 2 has been proposed by Lancy. It employs

chemical treatment with sodium hydrosulfite at neutral pH to

reduce chromates. The trivalent chromium formed precipitates

as the hydroxide and is separated in the chemical tank . From

the chemical tank, the sludge Is bled to the acid—alkaline

waste treatment system.

A novel method of chromate reduction involves reduction

with scrap iron by the cementation process. Under low pH

conditions, chromate

Cr04 + Fe° = 8H+ —  Cr+++ + Fe+++ + 11H20

is reduced to chromic ion and iron goes into solution as

ferric iron. Some iron also goes into solution as ferrous Ion

by reaction with hydrogen ion. Thus, the

Fe° + 2H+ _______  Fe+1 + 112

21
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metal ion content of the wastewater Is doubled, at least.

The cementation process I especially valuable when

copper bearing wastes are present, because

Fe° + Cu~~ _______  Cu° + Fe~~
copper ion is reduced to metallic copper, which can be

recovered. In situations where both chromates and copper ions

are present, the cementation process serves to reduce chromates

effectively and provides for recovery of- a large part of the

copper.

The conventional system of chromate reduction employs

the use of sulfur dioxide or sulfites. In some locations,

it Is advantageous to use flue or stack gas to supply -the

sulfur dioxide. Such an operation serves to remove an

Important air pollutant from flue gas and could make use of a

high sulfur fuel a feasible matter.

Batch versus Continuous Flow Treatment

Batch type systems provide the highest degree of

reliability possible in terms of effluent quality. Some

states now require that all chromate and cyanide wastes be

treated on a batch basis. With the growing concern for fail

safe operation and stricter effluent standards, it seems certain

that batch treatment will be favored In all but the largest

plants where skilled maintenance personnel are available to

maintain performance of automated, continuous flow systems .
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Chemical Recovery~
Plating Baths. The opportunities for Increasing

chemical recovery from cyanide baths are almost nil. Efforts

to reduce solids “carry—in” into the plating bath by use of

demineralized water for a final rinse in advance of plating

serve to prolong the usefulness of plating baths and , there-

fore, serve the same purpose. Some platers claim they never

dispose of cyanide baths .

Chromic acid can be reclaimed from both spent baths

and rinse waters by use of anion exchange . The life of

chromic acid baths can be prolonged by use of external cation

exchange units.

Rinse Waters. Chromates can be reclaimed by use of

anion exchange units.

Solids Handl ing

Disposal of the metal hydroxide sludges generated In

treatment of plating wastes has been a difficult problem

because of their gelatinous nature . Filtration Is normally

very difficult.

Recent studies, primarily in conjunction with the

cementation process have demonstrated that a two-stage system

of’ neutralization, employing sludge recirculation , will produce

sludges that are readily dewaterable by vacuum or pressure

filtration. Additional studies have demonstrated that marked

improvement In the filterability of all sludges can be made by

using two-stage neutralization.
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GENERA L PLANNING CONSIDERATIONS

This chapter dIscusses the effects that the metal

plating industry is expected to exert on water resources.

Anticipated changes to - the present practices within this

industry are expected to occur largely as a result of the

actions of enforcement authorities requiring improvements in

water pollution control.

Water Supply

The greatest use of water is for rinsing of products

The purpose is to remove drag—out chemicals from each process

bath and prevent their being transferred as Impurities to the

next bath. The amount of water used depends to a great

degree upon management practices at the plant . The plating

process does not have to be a large water user and should not

be considered such in water resources planning. The majority

of plants use under 0.1 mgd of water. In the Merrimack River

basin there are only four plants known to use in excess of

this amount .

Various water conservation practices are being imple-

mented by metal plating industries that have a marked effect

on water use. Counterflow rinsing practices can decrease

water use to 25 percent of flow through . Use of ion exchange

equipment permits nearly complete recirculation of rinse water.

Industrial water quality requirements are such that, if

available, plants usually use public water supplies for rinse
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water. Although potable water is not needed from a bacterio-

logical point of view, a supply low in mineral content Is highly

desirable. Waters high In total dissolved solids are accept-

able for use following demineralization . Direct use results

in excessive drag—in of impurities to baths - requiring frequent

regeneration or disposal. Brackish water is not an acceptable

supply for this industry .

Effluent Discharge

The conventional methods of treating metal plating

wastes are capable of producing an effluent of satisfactory

quality for discharge into a water body designated for any use.

Pollution attributed to this Industry is usually caused by

accidental discharges or poor housekeeping practices. Since

metal plating wastes are extremely toxic , reliable controls

are necessary .

Use of the batch treatment method provides a reliable

means of waste quality control because each batch can be tested

to confirm the adequacy of the treatment prior to Its release
— 

- to the receiving waters .

In the case of continuous treatment, reliability is

considerably diminished despite the use of automatic monitors

to control the quality of effluent. Some state codes do not

permit continuous treatment of metal plating wastes prior to

discharge to streams.
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Solids Handling

The biggest problem in waste disposal from metal

plating involves the handling of solids. Precipitated metal

hydroxides have a specifi c gravity close to unity,  making the

settling and densifying of the sludge difficult .

The sludge is mainly composed of hydroxides of metals

used in each particular plating process. After thickening,

the sludge is normally about five to ten percent by volume of

the total wastewater flow. Vacuum filtration further reduces the

volume to between a half and one percent of the total flow.

Final- disposal of sludge should be by stockpiling with

a view to future materials recovery and reuse when technology

makes such efforts feasible. Stockpiles should be covered to

eliminate the possibility of sludge being washed into nearby

streams.

Stockpiling is a safe procedure as long as the sludge

is not exposed to acidic conditions . An acidic environment

would permit the metal hydroxides to go back into solution.

For this reason , metal plating wastes should not be dumped

together with organic wastes at sanitary landfill sites where

acid fermentation of the organic wastes may cause the

hydroxides to go Into solution .
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Cost Considerations

Generalization of treatment costs for the metal plating

industry provides no more than broad order-of-magnitude values

because variables affecting these costs are numerous . Table 7,

which has been reproduced from Ref. 9, provides an example

of this point by showing variations in treatment costs with

work shifts.

Similarly, a major Impact on the cost of treatment is

the shape of the material plated. Table 8, reproduced from

Ref. 11, shows variations in dragout rate with the type of

material plated. Dragout is the amount of plating material

which becomes a source of pollution in the rinse water.

A survey of published cost data, supplemented with data

from our files, provides some guidance on plating wastes treat-

ment costs for use in water resource planning in the Merrimack

River basin. Construction and annual operation costs were

collected separately for plants providing treatment to

concentrated wastes and rinse waters , and for plants treating

rinse waters only . The costs were generally confined to those

using conventional treatment methods. Figure 3 shows these

data plotted against average daily volume of waste treated.

Costs shown represent present day prices.
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Table 8. Variation In Dragout Rate with the
Type of Material Plated

Type of Mater ial Dragout Rate

Vert ical , well drained 0.11_l.0 gal/b OO ft2

Vertical , poor drainage 2— 3 gal/b OO ft 2

Vertical, very poor drainage 11—5 gal/b OO ft2

Horizontal, well drained 0.8— 2.0 gal/b OO ft2

Horizontal, very poor drainage 10 gal/b OO ft2

Cup shaped work , very poor drainage 211 gal/ b OO f t 2

Barrel - angle 2—9 fluid ounces per load

Barrel — horizontal 5—30 fluid ounces per load
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Future Impact of Plating Wastes on Water Re-sources

As mentioned earlier in the report , the most compell ing

reason for changes in plating waste disposal procedures is

the application of higher standards In water pollution control .

Product reuse is expected to remain generally as a secondary

benefit .

Table 9 shows the type and value of products that may

be recovered from plating rinse waters.~
9
~

Table 9. By—Product Recovery in Plating and
Allied Industries

By—Product Recovery
Concentration Diminution

Range Value of Pollu-
Process - By—Product (mg/L) ($/1000 gal.) tional Load

Rinse waters -Nickel 150—900 0.80—7.00 80—100%
2—20 0.01—0.10 80—100%

Copper 100—500 0.60—3.00 80—100%
Zinc 70—350 0.110_2.IIO 80—100%
Silver 50—250 1.60—9 .00 80—100%
Chromium 400—2000 3.20—15.00 80—100%
Cadmium 50—250 1.20—6.00 80—100%

(Cu) 110—250 0.20—1.20 80—100%
Brass (Zn) 10—60 0.20—1.20 80—100%
TIn 100—600 0.80—11.80 80—100%
Gold
Platinum

— 
The value of water reuse can be measured by the price

of water paid to municipalities. In Massachusetts, munici-

palities typically charge $200 to $1100 per million gallons .
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— It is expected that treatment of cyanide bearing wastes

will continue to be by oxidation with chlorine to the complete

destruction of cyanide in batch operations. In the continuous

treatment operation , if permitted by enforcement agencies,

the same process is expected. However, safeguards to insure

hlgj-i quality are expected to be required .

For chrome bearing wastes, the cementation process is

predicted to become the favored method because of its simplicity

and because hexavalent chrome can be reduced to negligible

quantities.

The removal of trivalent chrome and heavy metals is

expected to be carried out by precipitation at a pH range of

8.5 to 9 with lime. In batch operations no additional clari-

fication of the effluent is anticipated. However, where

continuous flow treatment Is practiced , filtration of the

effluent should be expected. When copper Is present in the

waste In significant amounts, the cementation process is

likely to be employed for partial recovery of this metal .

Solid waste disposal is expected to remain a problem .

Any product recovery process presently employs a process of

substitution which does not tend to decrease the volume of

solids significantly . For example, the cementation process

substitutes iron to recover~copper. Ion exchange regenerates

meta)s, but uses excess chemicals to accomplish this. Volatili—

zation is not a process applicable to this waste.
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- In general , a marked decrease in the discharge of

liquid effluent is expected , but solid waste Is not expected

to decrease .

In all new plants and in many existing ones , it is

- predicted that two—stage neutralization of wastewaters will

- be practiced . Although this will not decrease the dry weight
- of solids requiring disposal,. It will materially reduce the

— volume and manageability of the sludge under stockpiling

practices.
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Tnis report is a survey of tne waste problems of tne

textile industry. The information reported here is based, to

some extent on tne industry profile report of the Viater ~ua1ity

Office. Tnat report was supplemented by specific reference

investigation and tne writer’s experience in tne industry.

This report will be in several sections witn tne first

being a review of tne causes of pollution in tne textile

industry and tnen we will relate this to specific types of

clotn and textile plants. Tne effluent produced in tne various

types of plants will be identified under eacn section and tne

metnods of processing will be discussed togetner witn references

to tne various types of textiles being produced. V~itnin the

limitations of time and space , we will attempt to empnasize

the possibilities of future treatment of textile wastes.

TEXTILE ~VASTES GENERA L INFORi~1ATION

There are only 2 sources of pollution tnat are common in

tne textile industry. One of tnese sources is associated witn

the fiber itself sucn as natural impurities wnicn will be

extracted from the fiber and tne otner source is tne cnemicais

used in processing of the fibers. Cotton and wool are natural

fibers that contain substances wnicn are extracted from tne

fibers during processing. In working witn syntnetics, certain

materials may be extracted during processing, but tneir

contribution to tne pollution load is so small that it can be

considered negligible. Among tne processing chemicals wnicn

contribute to the pollution load are tnose materials tnat nave
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been added to the fiber in earlier processing that must be

removed in subsequent operations. These include materials

lixe sizing , spinning lubricants, anti—static oils, etc.

The processing chemicals also contribute to tne pollution

load because they are not fixed to the fiber. These include

spent dyes, detergents and related products. In considering

tne pollution loads of this industry, we will limit tue

discussion to those materials that are contributors to the

aqueous pollution load.

COTTON AND COTTON BLENDS

In tne Water Quality Office Report, a flow sheet is given

for tne processes used in the cotton industry. Altnougn several

types of cotton are indicated, for tne purposes of tnis report

we will concentrate on a single line of cotton woven fabrics.

Individual textile mills may nave great versatility and

processes may cnange considerably for the season of the year and

the fashions of tue time. The operation in the cotton mill can

be simplified to processes such as carding and combing, slashing,

weaving and other mechanical operations. In these initial

operations , the trash and forei~~ matter are mechanically removed

from the raw cotton, tne fibers are straightened , drawn into

thread , and wound on spools. The thread is then run througn

starcn solutions ( siasning) so that it nas tne strengt n and

stiffness to withstand the friction generated in tne weaving
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operation. The tnread is then woven into clotn (greige goods).

With the cotton in tnis condition, the Water Quality Office

Report begins to consider the pollution load .

DESIZING

Sizing used in tue cotton and polyester industries include

starcn, polyvinyl alcohol, and carboxymethylcellulose. These

sizes are removed by sulfuric acid or enzymatic digestion.

Temperatures of up to 2100 may be used. Tne desized goods are

finally washed to remove the decomposed starches. The removal

of polyvinyl alcohol and carboxy methyl cellulose is also

accomplished by a simple washing process. The desiz~d clotn

is then ready for kier boiling. This is done in cylindrical

pressure vessels in wnicn the goods are placed and the scouring

cnemicals are recirculated tnrough tnem. Materials used are

sodium nydrQxide , soap and sodium silicate with temperatures

up to 250°F. The scouring continues for 6 to 12 hours. The

function of icier boiling is to clean the fibers and remove fats,

waxes and other materials.

BLEACHING

Bleaching may be accomplished by putting the goods througn

a solution of sodium nypocniorite. The soaxed material is then

piled into bins for the reaction to continue under controlled

temperature conditions. The bleached goods are tnen wasned in

water and the bleaching chemicals neutralized by sodium bisulfite

or sulphur dioxide. The goods are tnen furtner wasned and

dried.

- - 
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~1ERCERIZATI0N

Mercerization is an important step in cotton manufacture

-for preparation of the fibers for dyeing, printing and finishing.

The exact mechanism of the process is not fully understood, but

in the process, the goods are immersed in strong solutions of

sodium nydroxide for extended periods of time. This results

in increased tensile strength, lustre, reduction of potential

shrinkage and increases the affinity of dyes. There is some

swelling of the fibers, the degree of whicn will depend on tne

time , temperature and concentration of the materials used.

The effluent from this process is strong sodium hydroxide.

I~ercerization is generally a continuous process with the goods

in contact witn tue solutions for 1 to 3 minutes , The clotn

is rinsed in water and given an acid dip followed by a water

wash prior to dyeing.

DYEING

For dyeing of cotton, several different types of dye are

used.

Direct dyes can be applied directly to the clotn. Tnese

are usually low cost, easy to apply but they “taxe” ratner

slowly.

Developed dye is applied to the clotn and is developed by

the addition of a secondary chemical called a developer. Tnese —

dyes generally have good wasn—fastness. 
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In sulphur dyeing, the dye is put on tue cloth in a reduced

state and oxidized to produce tne color. Dicnromate or peroxide

may be used as the oxidizing agents, aitnougn air may be used.

Dispersed dyes are applied to the fabrics not as solutions

but as suspensions. First used on tue syntnetic fibers, tney

dye by absorption into the fibers.

Vat dyes are applied to fibers in a reduced state and tuen

oxidized on tne fiber. Vat dyes are not soluble in water but

are given water solubility and fiber affinity by the use of

sodium nydroxide and sodium rtydrosulfite.

Naptnole dyes are applied to the fabric and passed througn

a developer, then diazotation takes place after the napnol nas

been applied to the fiber.

Fiber reactive dyeing bonds the fiber to the dyestuff establisned

by chemical reaction rather tnan simple absorption. In tnie process ,

tne dyes are usually padded on to tue clotn and allowed to remain

in a saturated condition for a day or more to complete the

reaction.

In any of tne dyeing operations, tne chemicals will consist

of unfixed dyes and reactive assistant materials. They may be

refractive to biodegradability printing.

PRINTING

In printing the concentration of tue dye is considerably

higher than in the batch processes. The application of color and

pattern may be done by printing press, the roller print macnine

or a screen print macnine.

-- —  - 
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After tue printing, the goods are steamed or aged, or

otnerwise treated to fix tue dye. A major source of pollution

load in textile manufacturing is the washing of printing

equipment, and the washing of the cloth to free it from the

unfixed dyes. Tue same general types of dyes are used for

printing as are used in dyeing.

FINAL FINISHING

Tne final finisning of tue textiles may be the addition

of starch or resin applied to the clotn. These mixes, in 10

to 30 percent concentration, are deposited on the clotn. Tue

cloth is then calendered and rolled to yield a product w~nicn is

preshrunk and/or fireproof. The final finishing operation

contributes very little to the pollution load.

COTTON SYNTHETIC BLENDS

L~any mills work blends of cotton and syntneti cs particularly

polyester. In the manufacture of these goods, essentially tne

same series of processes are used as with cotton manufacture.

There are production differences, but tnese are more a matter of

the quantities of materials used ratner tnan entirely different

procedures.

The difference in the effluents are primarily due to the

difference in the materials used . Since tne syntnetics do not have

a starcn size, tne BOD from tne desizing operation (tne largest

~-,urce of BOD) will beproportionate].y less. The mercerization

~s1l *leo result in a somewnat 1es~
, BOD load . Tne rest of tne

- r~’<.n~~s will result in 
approximately the same pollution load

.5 ——
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COTTON 9

F-ROCESS WASTE CHARACTERISTICS at: ibe/l000lbe

Desizing; Starch Sizing: PVA:

DOD 45 - 3—4

Susçended Solids 89 5

Di~olved Solids 6 45

6—8 enzyme 6-8
1—2 Acid

Oil & Grease 5 3—10

Effluent Water l~OO gal. 1500 gal.

** -, 4~*

Mercei’j zatj on:

POD 2 — 1 2

Suspended Solids 5

Dissolved Solids 146

p1~ 12 (.8% NaOH)

Color ——
Oil & Grease 10

Effluent Water 2,000 gal.

Scouring:

BOD 16—20 lbs

Suspended Solids 5

Dissolved Solids 50

pH 12.5 ( .25% NaC~1)

Color --
- - - 

Oil & Grease 30—140

Effluen t Water j i~OOO gal .

— ~~~—------ 5- _~~~~~ — -
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COTTON, continued

PROCESS WASTE CHARACTERISTICS at: lbs/l000 lbs.

Bleaching :

BOD 1

Suspended Solids 4

Dissolved Solids 20*50

pH 11

Color -—

Oil & Grease --
i~ffluent Water 2,000 gal.

Dyeing:

BOD 3-20

Suspended Solids ——
Dissolved Solids 50—200

pH 1-2, 6—8, 12

Color 1—3

Oil & Grease —-

Effluent Water 5,000 gal.

.5 
.5 -- -~- - -~~- - - ii. :- -- ::,~ -~
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DYESDYE 
INORGANICNaCL 

CHEMICALSDETERGENT DYEING SPECIALTYSPECIALTY 
cuFuicu.~sCHEMICALS

OR~~

PIGMENT BINDER PRINTING PIGMENT BINDERSTARCH GUM DYE, STARCH, GUM,DYE 
________  _________  

ETC .SPECIALTIES

OR 
_____

STARCH OR 
STARCH ORRESIN FINISHING RESIN

1 •  -
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COTIQN 12

PRINTING

PROCESS WASTE CHARACTERISTIC S at lba/1000 lbs.
Pigment Printing

BOD 1

Suspended Solids .1

Dissolved Solids 2.5

pH 6-8

Oil & Grease .05

Effluent Water 1,500 gal.

Vat Dye Printing

BOD 22

Suspended Solids 25

Dissolved Solids 34

pH 10

Color .5

Oil & Grease

- 

- Effluent Water 4,000 gal.

5- 
-

- 

- Cotton Finishing

BOD 2

Suspended Solids ——
Dissolved Solids 5—22

pH 6—8

Color 
- 

—

Oil & Grease —

Effluent Water 1,500 gal.

Following are the combined wqetes of the above:

“—I-— 
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CC$~BIN1)~~~ WASTES, total of cotton Processes

BOO 141

Suspended Solids 129

Dissolv ed Solids 300

pH —

Color -—

Oil & Grease 50

Effluent Water 17,500 gal . plus washes

- 
-—~~~~~~ 
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from detergents, dyes, inorganic materials, and specialty

chemicals as is found in cotton production.

WOOL

The manufacture of wool is divided into 2 sections by

normal industrial practice. Tnese are wool top making and

wool blends finisning. This is based partly on the differences

in tne manufacturing process and partly because the wool is

usually partially treated by one plant and completed by another.

The wool processing is a specialized industry and operations

may be only one pnase of tne industry. Wool top making is a

process of converting greasy wool as received from the sheep

farmers into clean wool cai.led top for the use in the manufacture

of fabrics and felts. Wool blends finisning refers to all of tne

operation.s in tne processing of the clean wool into tne final

clotn. This may include knitting mills, weaving mills, worsted

mills and otners.

DESUINTING

then wool is received at the scouring plant it contains a

large quantity of waste materials called suint. Tnis suint

includes dirt, secretions of tne sneep, urine, feces, sweat, and

blood. The dirt is vegetable fibers, oily matter, soil and wool

- 

- grease. For every pound of purified or scoured wool tnat is made

there are about ~ lbs of impurities removed from it. I~iuch of tnis

is discharged into waste. Tne wool is desuinted by washing with

fresn water from wnicn tne heavy solids settle.

( 
——-— i-~-—.5- — ~
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SCOURING

The wool is tnen passed over into a series of scouring

bowls where it is washed with soaps or detergents to remove

tne grease. Neutral wool scouring is done witn a synthetic

detergent, however, alkaline scouring is also practiced.

Soda asn is added to the wasn water which combines with a

portion of the wool grease to form a natural soap. Tnis

decreases the total amount of soap that is necessary and

apparently lowers the BOD in the waste stream. Tne grease

produced by the scouring is centrifuged and the recovery is

about 25 to 50 percent of tne grease. The rest of tne grease

is discnarged with the water into waste. Crude recovered grease

is furtner refined to produce lanolin and other by—products.

~0LV1~NT SCOURING

Solvent scouring has been given attention in order to

decrease tne pollution load and increase the efficiency of tne

grease recovery. In tnis system the solvent is recovered by

distillation. The wool is wasned after tne solvent scouring

to remove the remaining suint and solvent .

The cleaned wool is tnen given a number of mechanical

operations sucn as carding and spinning of trie wool into yarn .

It is subsequently woven into knitted fabric, sizing compounds

may be applied to the yarns to aid in tne weaving operation and

they will stay with the fabric until it goes to tne final

finisning mill. There is very little waste from tne sizing

batne.

~~ - - -
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WOOL TOP PRODUCTION

Dirt
Salts
Water SolubleV,ater Desuinting Impurities

Dirt

Soak 
Grease

Na2CO3 Scouring Soaps
or Dirt

Detergents

Grease Recovery

Soaps

- - 
Water Wasning Grease

Dirt

- 
_ _ _ _ _  .5
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WOOL TOP PRODUCTION EFFLUENT

Desuinting Effluent lbs/l000 lbs Wool

BOD 60

Grease -—

Total Solids 400* 200

Suspended Solids 200* 0

Dissolved Solids 200

pH 7

Volume 2 ,650 gal

About 200 lbs of dirt will settle from this solution,

usually before any effluent treatment thus lowering the suspended

solids and total solids.

_ _ _  
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V~O0L TOP PRODUCTION

Scouring

lbs/b OO lbs Wool

Before Grease After  Grease
Removal Removal

BOD 230 230

Grease 165 100

Total Solids 284 254

Suspended Solids 145 145

Dissolved Solids 64 34

Detergent 30 30

pH 8 8

Volume 680 2050

~

-- ---—-— - --- -‘
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YiOOL TOP PRODUCTION

V~asning 
lbs/1000 lbs Wool

BOD 10
- Grease ——
Total Solids 51

Suspended Solids 23

Dissolved Solids 28

pH 6

Volume 5300

-
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WOO L TOP PRODUCTION

TOTAL POLLUTION LOAD

lbs/1000 lbs Wool

BOD 300

Grease 100

Total Solids 505

Suspended Solids 168

Dissolved Solids 337

Detergent 30

pH 7.5 — 8.5

Volume 10,000 gal

L~ - 
--.~
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FINISHING

The rnaaor processes in tne finisning operation in tne wet

processes, are dyeing, scouring, fulling, washing, carbonizing

and bieacning. Tzie original scouring at tne finisning mill is

only a lignt scouring to remove any sizing and finisning

materials on the wool. Following tnis there is tne dyeing.

DYEING

Dyeing of wool can be done in eitner open or pressure type

vessels using acid dyes and salts to fix tne dye. Tne dyed

wool is tneri fulled. This is a wet process in wnich the wool

is treated witn soap as a felting agent. By meenanical action,

the wool tnen tigntens on itself and becomes firmer. ~Vorsted

wool and most synthetic blends are not fulled because tney are

already tigntly woven. Tne fabric is dyed either before or

after fulling and then washed to remove process cnemicais,.

CARBONIZING

Carbonizing is a means of removing non wool substances from

the wool. It is done by inipre~ iating the wool witn 4 to 6 percent

sulfuric acid and oven drying at 212° to 220°F. Tne treatment

witn sulfuric acid causes a breakdown of the celiulosic material

as onarred matter wnicn can be separated from 1~he fabric by

flowing air. The finisning of woolen blends is done by mecnanical

metnods including ways of steaming, pressing and snearing to

obtain a uniform surface. Motn proofing agents may be added at

this point.

ii___ :i ~ii~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
~“
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V OOL DYEING AND FINISHING

Scoured and dried wool is usually combed in another

plant and processed tnrougn dyeing and finisning in another.

The pollution load (BOD) of these processes is dependent,

to a great extent, on the type and efficiency of the dyeing

operation. These processes give essentially no suspended

solids, but do have soluble solids from desizing, dyeing

and finisning. The fulling operation can contribute to tne

pollution load from the soap used. Typical values for these

processes are given below:

BOD lbs/l000 lbs Wool

Light Scour o — 50

Fulling 0 — 16

• 
• 

Pre Scour 20

Dye 15 — 226

Finish 0

~ 
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SYNTHETICS
Syntnetic materials are the man—mades and include sucn

materials as acetate, acrylic, nylon, polyesters and rayon.

Tnese fibers, as received at tne finisning plant, require

no processing for tne removal of impurities. Tney do, nowever,

contain some sizings and anti—static materials which must be

removed by a lignt scouring batn. The anti—static materials

are a problem as tney include sucn things as polyvinyl alconol

styrene based resins, glycols and otners. After tne scouring,

tne goods are dyed or bleached followed by a rinse and a

final finisning for waterproofing or other finisnes. Tne BOD

loading total solids figures given are representative averages

taKen from tne Water Quality Office report supplemented by

current literature on tne textile effluent field.

The dyeing of tne fibers is quite different depending

upon their cnemical nature. This will reflect in tne auxiliary

cnemicals used. Polyester, for example, may require tne use

of organic solvents as dye carriers. Some of tnese solvents

may be toxic.

POLLUTION LOAD FOR SYNTHETICS TOTAL lba/1000 lbs

Acrylic Nylon Acetate Polyester
BOD 5 5—24 6 100—200

Suspended Solids —— ———— ——
Dissolved Solids 110—140 60 10 80—90

pH 6—8 7—9 6—7 6—8
Volume Gallons 10,000 14,000 10,000 35,000
Toxic I~aterials Pneriols &
Present —— —— Cnloro Benzene

~~~~~~~~~~~ :~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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NONWOVEN FABRICS

In tne production of nonwoven fabrics or felts, any number

of man—made fibers may be used as tne fibrous material. The

fibers are combed , and airborne into a loose felt mat. Tnis

mat is tnen dipped by a continuous process into syntnetic resin

batn emulsions containing acrylic polymers and related compounds.

The mat is then carried into a second batn containing zinc

chloride or sodium cnloride or anotner polyvalent cation wnicn

will coagulate the anionic resin droplets and deposit tnem

on the fibers. Tne mat is tnen passed trirougn a series of baths

for removing tne salt and tne uncombined resins. From tnere

tne stock goes througn a drying oven for tne curing of the resin.

The effl~uent from tnis process is tne discnarge from tne wasn

batn after tne coagulation and tne discnarge from tne coaguiating

batn. The effluent will contain zinc cnloride and a smail

quantity of the resin. Aitnougn tne quantities of resin used

are very nign, arid tne final product may contain as mucn as

50 percent of tne resin by weignt, tnere is very little resin •

left in the wash water. Tnis can be removed by centrifuging

or fi1trati~n. Tne subject of tne pollution load fror~ tne

nonwoven industry is not dealt with in any of tne usual texts

or reports on tne textile industry.

~~~~~~~~~~~~~~~ 
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~HE TREATMENT OF TEXTILE WASTES

The treatment of textile wastes is as varied as tne wastes

from tne different textile plants. We nave seen in the previous

sections tnat tne processing of cotton, wool and syntnetics

involve entirely different processes and as a result different

types of pollution loads.

Tne wastes from cotton production include BUD, primarily

from sizing and dissolved materials from the rnercerization and

cleaning processes. There are very little settleable solids

and there is considerable material of a biologically refractive

nature.

Tne main problem in tne cotton effluent processing is tne

decrease in BUD and tne eventual color removal. In wool

effluent, tne main causes of tne problem is in tne scouring

of tne wool in the production of wool tops. Dirt, grease and

materials associated witn the raw wool carry a tremendous

pollution load, far greater tnan we find in any otner pnases

of tne textile industry.

The treatment of tne pollution wastes from the wool plant,

tnerefore, present entirely different problems tnan those

observed in a textile mill concerned only witn dyeing.

In tne processing of synthetics, tne pollution load is

considerably ].ignter in tnat dye wastes are a prime consideration.

Here there may be some specific toxic materials, but tnese

will probably be eliminated or substituted for in tne operation.

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _
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THE COTTON MILL VIASTE TREATMENT

Treatment of cotton effluent would require all or some

ot .~ tne following processes:

Equilization — Equilization is necessary since tne

discnarge from tneki-ering and desizing operations

will yield intermittent slugs of highly caustic wastes.

These materials snould be added slowly. Sucn effects

would be less objectionable wnetner the effluent is -

treated at the textile plant or tne effluent becomes

part of a municipal treatment plant.

Segregation — Some of tue wastes from the textile plant

will require very little treatment; otners will require

considerably more so, tnerefore, segregation is of

importance in treating cotton wastes. Tne concentrated

dye solutions coming from tne dye batn snould be segregated

from tne final wash waters wnicn may contain very little

objectionable effluent. Tne total volume of materials

to be treated can, tnerefore, be greatly reduced.

pH Adjustment — Strong caustic solutions from tne mercerization

or kiering processes can only be partially neutralized b~!

an acid desizing batn. Proper pH control is necessary in

order to prepare the effluent for further biological

oxidation.

Nutrient Addition — Nutrients snould be added in tne form

of nitrates and pnospnates wnicn are generally not available
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COTTON E~YLUENT TREATMENT

STRONG WASTES

DESIZING ME~~E1 ~ZLTI0N KIERING WEAK WATER WASTES

r~~
HOLDING ACID

• NUTRIENTS

~~~~~~ RALIZATI
O(

~~ BIOLOGICAL

SLUDGE

OR
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POLLUTANT RIYOVAL IN COTTON AND SYNTHETIC TEXTILES *

Removal Efficienciea. %
RER~0VAL METHOD BOD SS TDS

SCREENING 0—5 5—20 0

PLAin S1~DIMENTATI0N 5—15 15—60 0

CHEJLIC’AL PR~~IPITATI0N 25—60 30—90 0—50

TRIf KLING FILTER 40-85 80—90 0-30

M!TIVATED SLUDGE 70-85 85-95 0-40

LAGOON 30-80 30—80 0-40

AERATED LAGOON 50-95 50—95 0-40

* From FWPCA , “The Cost of Clean Water”, vol. III, Industrial Waste Profile No. 4,
Textile Mill. Products, september, 1967

-
~~~I ~

—
~~

-
~~~

———— — --—•——---.— • -
~ 

• , - • • -• .--- - •,-___________________________

-# • ~~~~~~~~ ~L.j • -~ ‘ 
— ~~~~~ ~!. 

~ — ...—-—--~w~~
~~~~~~~~~

-
~~~~~~~~------• —~-~~~~ 

— — ---
~~~~~--- -~~~~~~~~~ -~ 

.

~- II— ~~ ~~~;t~~~~~
-1

~~~ — -~ -~~~- 
— 

~~~~~~~~~~~~~~~~ ~-~----



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

in sufficient quantity to maintain proper biological

oxidation. Proper balance need be maintained.

Biological Oxidation — Various biological oxidation

treatments tnat can be used in textile wastes are

similar to tnose in municipal sewage. Tnese include

trickling filter, activated sludge, lagooning or aerated

lagoon. Tne cnoice of any one of tnese systems would

depend upon the cost and the particular problems of tne

individual plant. Aerated lagoons appear to be tne most

popular for tne industry today.

WOOL PROCESSING

In tne processing of wool wastes, a most important factor

is tne removal of tne grease and suspended solids prior to the

biological treatment. Wool wastes would be combined as they

came from tne various wasnes and the grease recovery plant

indicated on Page 15.

The first step is trie additional grease recovery. Tnis

can be accomplished by the addition of acid wnicn will

neutralize the carbonate and soaps and cause the grease emulsion

to break and grease to float to the top. Grease could also be

recovered by a centrifuge. In either case the grease recovered

at tnis point would be sent back to tne purification plant for

tne recovery of tne lanolin. 

LT1..1~~~~~~~~1 •~~~~ • 
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The wasn water, after grease recovery, will still contain

suspended fibers and emulsified grease. A screening operation

generally follows, followed by additional floatation for

further removal of the fine fibers and suspended grease.

The aqueous portion of this effluent is tnen treated with

coagulants to aid in tne settling of solids prior to the

introduction of the wastes to tne biological treatment. Tne

efficiency of the process indicating tne removal of BUD, grease,

color, alkalinity and suspended solids by various treatments

is indicated in the table on Page 15.

The development of better treatment metnods for wool

scouring plants nas proceeded somewnat slowly and tne wool

scouring plants will nave treatments consisting of some of

tne steps indicated above.

Chemical coagulation without pretreatment nas been

practiced on waste waters which will yield a BOD reduction

between 20 to 85 percent. Although such a system may be

satisfactory for wastes being introduced into tne municipal

sewer system, biological. treatment has been found to be

necessary for a complete treatment of tne wastes. With a

combination of treatments consistent BUD removals of up to

90 percent can be acnieved.

The improved rnetnods of wool treatment and solvent

extration can definitely decrease tne load and result in tne

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • 
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POLLUTANT REMOVAL ~7FICIENCIES IN WOOL TEXTILES *

Norma]. reduction percent
Trea tment Method BUD Grease Color Alkalinity SS

Grease Recovery
Acid Cracking 20—30 40—50 0 0 0-50
Centrifuge 20-30 24—45 0 0 40-50
Evaporation 95 95 0 0

Screening 0—10 0 0 0 20

Sed imentation 30-50 80..90 10-50 10—20 50-65

!lotation 30—50 95—98 10—20 10—20 50—65

Chera Coagulation
CaC12 40-70 80.95

Activated Sludge 85—90 0—15 10—30 10—30 90-95

• Trickling Filtration 80-85 0—10 10—30 10—30 90—95

Lagoons 0—85 0—10 10—30 10-20 30—70

* Fro* ?WPCA, “The Cost of Clean Water ,” vol III , Industrial Waste Profile No, 4,
Textile Mill Products , September , 1967
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recovery of solvent and a good quality lanolin. Tnis can

result in a possible recovery of the soap for reuse, and a

definite decrease in the BOB load. The economics of this

approacn and the poor market for lanolin nas been a drawbacic

to this major development in improvement in wool - processing.

Tne main nope for decreasing the pollution load in tne

cotton industry is in tne reuse of process water. The reuse

of caustic bearing rinse water from mercerizing is practical

in some plants. Analysis and evaporation can concentrate the

dilute caustic rinse water for subsequent reuse in mercerizing and

kiering. It has been shown that after 85 to 90 percent of the

BOD removal and activated sludge, the effluent water could be

reused for rinsing, after bleacning.

Desizing by enzyme treatment result s in some glucose witn

a possibility of recovering tnis glucose by multiple effect

evaporation. This system , althougn tecnnically feasible would

probably not be economically feasible under present market

conditions. There is a possibility of recovery of pectan waxes

and other impurities from the cotton. These systems are under

study and may prove to be tecnnically and economically feasible .

TREATMENT OF DYE WASTES

Tne treatment of dye wastes , wnetner they come from cotton,

wool or synthetics have the same general characteristics. The

dye and finishing processes produce materials of intense color,

fairly nign BOD and practically no settable solids.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ J:: •~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Treatment of sucn wastes leaves a choice between extensive

biological treatment sucn as aerated lagoons or the more modern

treatments with activated carbon. In either case tne five day

• BUD data may not be as significant as a longer term digestion.

Some of the materials used in textile processing, specialty

cnemicals and dyes, are refractive and may not develop full

biological oxidation until well after the 5 day BOB digestion

period.

Witn tne textile mill having a flow rate cnaracterized

by as much as 70,000 gallons per 1,000 lbs of clotn, long

retention in aerated lagoons would result in tremendous cost

in lagoons and a necessity for a large land area.

CARSON ABSORPTION

Tne activated carbon system nas been installed commercially

and nas proven to be competitive in cost witn conventional

• biological treatments. The carbon is tnermally regenerated

to burn off the absorbed organiós to carbon dioxide and water.

There is no biological sludge formed in tne process, so solids

wa8te disposal is minimized and space is saved. A flow diagram

of tne activated charcoal system and the performance characteristics

are given on the following page.

Tne system has the added advantage of producing no sludge.

The initial cost of tne system is very hign but the lower operating

costs and small land area needed maxe this an attractive system

wnen relatively small volumes of effluent are to be processed. 

~~~~~---~~~~~~-- - ---—- 
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ACTIVATED CARBON ~YFLUENT TREATMENT PE~ ’O~~M~~ *

Dyohouse Treatment
wastewater Plant Reduction
j~fluent eff].uent

COD-mg/~.at 8.5 gpn/ft~ 945 178 81.1
at 15.6 ape/ft 550 280 49,0

2at 8.5 gpm/ft.~ 378 78 81,7
at l5.6gya/ft~ 220 115 47.8

Color 2
at 8.Sgpm/ft 2 — -—
at 15.6gpn/ft —- —- 99.5

Courtesy Am. Dyeatuff Reporter, June, 1971
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C0~TS

~~~~~ accurate estimation of tne treatment of textile wastes

is not available since tne most effective treatments are too

new. As a rougn estimate of costs of waste treatments, we

are including two grapns from a recent booic by Ecicenfelder.

Tne relative relationships between the capital costs and

the extent of treatment are easily seen from tnese data. 

~•~~• ______________
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~3IDE I’PPER LEATHER

Tne manu facture of side upper leatner is tne largest

single segment of the leatner industry in the United States.

Of tne 40 million cattlenides available a year, 15 to 16 million

are made into snoe upper leatner. An additional 2 to 3 million

hides are made into sole leather and the remainder of the nides

are exported onto tne world market. The snoe and leather industry

in tne United States nas been a bit depressed lately because of

tne import competition. The larger, more progressive companies

witn better capitalization are doing good business but marginal

companies nave a nard time of it.

In the Merrimack Valley tnere arc several large side upper

leatner tanneries. Approximately 1O~ of tne side upper leatner

industry is concentrated in tnis area. The production size of

the tanneries involved is measured in the number of nides that are

processed. A large tannery may produce as mucn as 2,000 nides a

day and a small tannery would produce about 300 hides per day.

A company will employ approximately 100 people for every 500 nides

processed. The total quantity of water used is approximately 8 to

12 gallons per pound of nide. A general description of processing

methods is given below wnich will be used in con~junction witn a

block diagram outline of the sources of waste in tne tannery

effluent of a tannery making side upper leatner.

SOAKING

The nides received by tne tannery are green salted cattlenides,

usually from the b~idwest. Tnese nides will average about 60 pounds

~~~~ ~~~~~~ -—--_-—— -- ~ ::~~_~~ —~~~~~-_ -——--~~ •-—- — —-—--~ • _ - • - - - - _ •  •T
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each and contain about 40% moisture and 15% salt. The hides

are cured by salt at the packing company for preservation in

snipping. Hides are soaked by tumbling in drwns witn flowing

water to wash out the salt, manure, soluble proteins, blood,

dirt and other materials. This one operation is one of tne

major causes of pollution from a tannery.

The soaked hides are then trimmed and flesned. Fleshing is

a mecnanical scraping of the flesh side to remove excess flesn

and unwanted adhering matter. The hides are then unhaired.

UNHAIRING

Unhairing is done by soaking tne hides in a solution of lime

containing strong reducing agents aucn as sodium sylfhydrate ,

dimetn.ylaininesulfate and similar materials. The liming causes

a loosening of tne flair and, in the nair destruction system, it

may break down the hair and break it into small particles.

After liming, the hides are washed to remove the adhering chemicals

and the protein degradation products.

The waening and liming effluent also contains lime, aulfides,

protein degradation products, some fatty soaps from the saponifi-

cation of tne fats during the liming, nair particles, etc. This

liming solution will have a pH of near 12.

After liming the hides may be fleshed again and then sent for

the bate , pickle and tan process. There are, of course, variations

in process from one company to another and modifications in

formulations in wnich the hair is saved, and the amount of fleshing

done .

— 
- _,.---J —_ --• - - . - ,
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Some tanners both lime flean and soak flesn and others

limit their fleshing to the lime flesn only. The fleen that

is taken off amounts to about 15% of the weignt of the hides.

Some tanneries nave found it profitable to render these (leanings

to recover tne grease, In these cases, the flesnings may be sent

to the effluent stream as a partially digested protein. In otner

cases, flesnings are disposed of by nauling to a land fill disposal

system. Tne disposal of flesnings is a major problem for tanneries.

BATE, PICKLE OPERATION

Tne limed hides are put into a drum for tne bate and pickle

operation. Bating is a treatment of the nide witn deliming

materials sucn as ammonium sulfate, some acids and enzymes. The

purpose of the enzymes is to break down some unwanted proteins,

clean up the surface of tne sicin, and help soften tne leather.

The bating process is usually carried on as a part of the pickling

process. In pickling, hides are washed after bating and brine is

added to maintain a salt concentration of approximately 5% NaC 1 on

a solution basis, Sulfuric acid is added. The pH of the hides is

brought to about 2 for chrome tanning. The effluent from the above

process contains arnmonium sulfate, some of the degradation products

from tne hide, fate and considerable quantities of salt. Tne pH
• is very low, probably between 2 and 3.

CHROME TANNING

This part of the production is usually combined witn tne bate,

pickle and tan operation in many tanneries. We separate it, nowever ,

since there will be information on some tanners wno buy hides in tne

• pickled state.



4

The cnromium salts, sodium chloride, perhaps some acid,

and masking materials are added in this process and it is here

that the hide becomes leather. Also, the protein materials

become stabilized against bacterial attack. The degradation

products coming from this procedure are sodium cnloride and

cnromium salts. The final pH will be about 4.

Chrome tanned leather is sent tnrough a belt knife for

leveling the thickness and later sent through a shaving macnine

which mills the leather to an accurate thickness. Considerable

quantities of shavings (about 2% of the hide weignt) result from

tnis operation. The shaved hides are then graded for different

types of leather and sent for the retan, fatliquoring and coloring

processes.

RETAN, COLORING AND FATLIQUORING

The retanning operation treats the hides witn vegetable

tanning materials (plant extracts). The color is brought about

by acid type AZO dyes (primarily acid) and tne fatliquoring or

lubrication of the leather is done by treating tr~e leather with

oils in an emulsion. The oils are usually sulfated or sulfonated

oils. The effluent from these processes varies a great deal

depending on the type of leather being made, but it usually
• consists of spent dyes, spent tanning materials and a small

quantity of oil. The leather is usually dried after this by

paste drying.

~~~~~~~~~~~~~ —- . 
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- • 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

• -

~~~~

..



5

PASTE DRYING

The leatner is pasted on glass sheets and moved tnrougn a

tunnel drier. The paste is metnyl cellulose or a starcn based

paste. After this drying, tne leatner comes off  tne un i t s and tne

glass sneets are wasned. This results in an e f f luent  containing

some starch or methyl cellulose. Prior to finisnin~ , the leatner

is usually buffed or lightly sandpapered to remove surface biemisn~s

or defects. This results in buffing dust wnicn must be ga tnered

by a wet or dry buffing dust collection system . In tne we~ systenL ,

tne dust goes into tne effluent as a settleable solid.

FINISHING

The finisr~ing is done mostly witn wat er h~~~ d eIriu&s~on finisnes

of tne acrylic types also containing pigments of or~snic and inorganic

types. Other finisnes include lacquer emulsions, resin emulsions,

and sometimes solvent finisnes. Tnese solvent finisnes may be oi a

nitrocellulose type or uretnanes. Tne solvent finisriin~ spray

system is usually gathered in a water collection system . Tne

final finish effluent will then contain unused finisnes, wasnin~s

from tne m achinery and tne water will contain some of the solvents

from tne emulsion finisnes. After finisning, tne leatner is

• measured , graded and shipped.

• • •:i ::~t
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i~ateriais Process Effluent
Lal t

• Hides L.anure
604~ Ave. 

..‘oalclng Dirt
Soluble

(14% NaCi) Hide Substance
(40% H 02 pH 5.0—6.0
Vater  

____________________

Trim
_—*. Solid V.astes
Flesn

Lime Liming Lime Sulfides

Sulfides (uinairing) Hair Particles

Strongly Proteins, Fats

v.’asn ~;ater AL~caline pH 11.5—12 5

Solid \.astes

(NH4)2504 

— 

Bate

Enzyme Acid Picxle I Proteins
NaC1 Delirne, Enzyme pH 7.0—6.0

H2S04 
Bring to p1-i 

— 
t~aCl kcid

~~~ c~~
3
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?~t (~~ 

.J0 —
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Sodium Formate ________ 
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NaHCO3 pH 3.5—4.0
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• Snaving Solid “ aste
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FLOV. SHEET SIDE UPPER LEATHER 7
Materials Pro?s8 

— 
Effluent

Vegetable Retan Spent Dye
Tanning Color and

Fatliquor 
_________  

Spent Tannin
A~O Dyes — 

-

(Acid) (Dyeing pH 4.0 — 5.0
Lubricating)

Oil Emulsions

Paste Paste Paste ~‘.asn
r ietnyl Drying
Cellulose 

— —

Starcn , Gums

Buffing ~~ Leatzier Dust

Resin Emulsions • Resins
Fin isning

Pigments • 
Pigments

Laquer Emulsion Solvents

Solvents
V/ax 

________________  —

To Snipping
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COMPOSITION OF CONCENTRATED SOLUTIONS

CATTLEHIDE UPPER LEATHER PRODUCTION

Process: Soaking

mg/l lba/l ,000 lbs nides

Aixalinity (GO3
) 500 — 650 4.5

Total Solids 25,000 — 33,000 204

Suspended Solids 4,000 — 10,000 40

Volatile Solids 3,000 — 9,000 30

BOD 2,300 — 2,600 15

pH 6.5

NaCl 19,000 — 23,000 136

Volume Water g/l,000 lbs

Concentrated Solution 800 gal .

Wash 2,000 gal.

The soak water concentrate contains mostly salt (NaC1)

from the salt curing. The organic matter includes soluble

proteins and manure . Since this is a washing operation, the

total water used may be 2 or 3 times the concentrated solution

volume. The effluent is dark brown, very dirty, but haB little

odor.

~~~ii~: ~~~~~ _ _
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Process: Unnairing

mg/i lbs/l,000 lbs hides

Alkalinity (C03) 13,000 — 26,000 54

Total Solids 70,000 — 85,000 210

Suspended Solids 13, 000 — 18,000 40

Volatile Solids 12,000 — 25,000 48

BOD 10,000 — 20,000 40

pH 11.0 — 12.0

NaC1 15,000 — 22,000 45

3,000 — 4 ,000 10

Volume Solution Concentrated 300—400 g/l ,000 lbs

Wasn 3,000 — 5,000 g/l,000 lbs

The concentrated unhairing wastes are the largest problem

of the side leather tanning effluent. The BOD represents approximately

50% of the total BOD produced . The large volume of wash water used

- 
• is to remove the eulfides and surface dirt . The sodium chloride

is from the carry over from tne soaking. Tne effluent is blue—wnite

very dirty and has a bad odor.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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Process: Bate and Pickle

Bate Liquors

mg/i lbs/l,000 lbs hide

Alkalinity (GO
3
) 2,500 — 3,000 7

Total Solids 11,000 — 17,000 37
Suepen4ed Solids 5,000 — 8,000 18

Volatile Solids 6,000 — 10,000 21

BOD 4,000 — 9,000 13

pH 7.5 — 9.0

Ammoniuni Nitrogen 2,000 — 2,500 10

Volume Solution/l,000 lbs hides

Concentrate 300 — 400 g

Wash 500 — 600 g

Bate wastes are high in aimnonium nitrogen due to the use

of a~nonium chloride in the process. The effluent is slightly

milky, and may nave an odor of ammonia or sulfide.

• - --
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• Process: Pickle Liquors

mg/i lbs/l,000 lbs hide

Acidity 2,000 — 3,000 3

Total Solids 65,000 — 80,000 70

Suspended Solids 5,000 — 8,000 7

Volatile Solids 6,000 — 8,500 7

BOD 2 ,500 — 3,000 3

2.5 — 3.0

Na ’U 45, 000 — 50,000 50

Volume 130 g/l ,000 lb s

Wasn 0

There is no wasn from a pickle solution. The pickle may

b~ one step in a bate — pickle and tan operation . Some tanneries

start with pickled hides and s~ j ns. Others may dump part of tne

pi~~le solution to adjust liquid levels. The effluent may be

• sligrttly milxy but clear in color. The od.~r is very mild .

~ 

~~~~~~~~~~~ 
•
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Process: Chrome Tanning

_____  
lbs/l,000 lbs hide

Acidity 3,500 — 5,000 8

Total Solids 85,000 — 100,000 180

Suspended Solids 12,000 — 18,000 28

Volatile Solids 10,000 — 14 ,000 24

BOD 1,800 — 2,400 4

pH 3.5 — 4.0

MaC]. 30,000 — 40,000 70

6 ,000 — 8,000 15

Volume
200—300 g/l000 lbs

The cnromium salts used in the tanning may be fixed to the

extent of 50 to 75%. In the latest equipment , more concentrated

solutions are used and efficiencies of up to 90% fixation may be

obtained.

The data on sheepskin ta~~age is essentially the same as this.

The effluent is dark blue—green in color, contains suspended fats

and nas a distinctive odor.

— -
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Process: Spent Color and Fatliquor

~g/1 lbs/l,000 lbs of nide

AlKalinity 0 0

Total Solids 9, 450 150

Suspended Solids 745 12

Volatile Solids 5,500 90

BOD 500 — 1,000 12

pH 3.60

Volume

Concentrate 2,000 gal/i,000 lbs

Wash 2,000 g/l000 lbs

Color and fatliquor formulae vary greatly from tannery to -

•

tannery. The above data is an estimated average from a variety

of processes studied by this laboratory. The effluent is usually

cloudy and colored . The odor is not offensive .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Process: Pasting

mg/i ].bs/l,000 lbs hide

Alkalinity mg/i CaCO3 41.8

Total Solids mg/i 428 .5

Dissolved Solids 228 .2

Volatile Solids 390 .4

BOD 1,000 1

pH 8.8

Volume 120 gal/1,000 lbs hides

The effluent from the pasting unit is very small relative

• to the rest of tne tannery. The effluent is milky but odorless.

~~~~~~ 

‘

~~ 
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Process: Finisning Room

mg/i lbs/l,000 lbs nide

Alkalinity 49.2

Total Solids 768 10

Suspended Solids 284 4

Volatile Solids 520 7

BOD 1,043 15

pH 6.8

Grease 92.7 1.3

Volume Solution 1,700 g/l ,000 lbs nides

The finisning room data given above is based on one

tannery analyzed by this laboratory. There will probably be

large variations from tannery to tannery depending upon tne

finishing processes used. In most tannery effluent studies,

the finishing room effluent is ignored as being too small to

consider. The effluent is hignly colored , cloudy , but without

objectionable odor.

( 

_ _ _
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Total Waste Products from a

Side Upper Leatner Tannery

lbs per 1,000 lbs of hide

DATA I * DATA j ]  *~~

Total Solids 840 862

Suspended Solids 214 257

Volatile Solids 272 228

BOD 93 103

Waste Water Volume 10,100 gal 8,000 to 12,000 gal

Volume of sludge: 161 gal

3.4

Cr 21

Volum e of water used: 8,000 — 12,000 gai/1,000 lbs

~ From Water Pollution Control Series ORD—5
~~ From New England Water Pollution Control Commission Data

— a ’  ‘~~~~
---t - ’~~ -.•-%
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SH EEPSK IN SUEDE LEATHERS

One of the major types of leatners produced in New England

is sneepskin suede. It is produced from picKled sheepskin, eitner

from domestic or New Zealand sources. In tne production of

sheepskin tne skins are unnaired at the source so tnat tne wool

can be sold separately in a wool pulling operation. The skins

are then delimed , bated and pickled as witn cattlehides as pre-

viously reported. The pickled sneepskins are then in a condition

so that they can be held for storage, due to tne seasonal nature

of tne sheep kill. The skins contain a large amount of grease

and , tnerefore , the first step in production is tne degreasing

process.

DEGREAS ING

The skins are placed in a drum to wnicn is added a solvent

(approximately 50 gal/l,000 ibs) some wetting agents, water and

salt. The salt is necessary to prevent the swelling of the sxins.

The effluent from this step contains grease, salt and solvent.

It is also quite acid. The grease phase, with the solvent, is

separated in most plants, distilled and the grease and solvent

recovered for recycling. The detergent will continue witn the

water phase and be expelled witn tne effluent .

Chrome tanning of pickled sneepsicins is done similarly to

the outline given above on side leatner. Salt, sulfuric acid and

chromium salts are added and the chrome tanning salts combined

with the sheepskin to form the leather.

~~ ——--~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~~~~~~~~~~~~~~~~~~~~~~~~ :.
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Eff luent discharge will include some spent chrome tanning

salts, sodium chloride and some fats not removed during degreasing.

These fats are materials that have not been removed during the

degreasing. The chrome tanned leather is then fleshed by drumming

the leatner with some pumice and then mechanically removing the

flesh on-a  rough wheel. The flesnings and pieces of pumice will

result in an effluent which is a solid waste. Some pumice will

remain with the skins and will come off in subsequent operations

RETAXi AND FATLIQUORING

Retan and fatliquoring in the manufacture of garment suedes

is used to make crust stock (similar to grey goods in textiles).

Approximately 5% vegetable tanning materials and 10% fatliquor

will be added to the skins. The fatliquor will be quantitatively

removed from the skin . The retan operation will have a small amount

of vegetable tan spent solution in’ it. The crusted skins are dried

and buffed to develop the suede nap . The crusted skins are then

dyed to the desired colors.

DYEING

The amount of dye needed will be between 1 and 15% (based on

the weight of the crust leather), depending on the amount of color

needed. The fixation of dye in cnrome tanziing will be less complete

than in textiles since the temperatures involved cannot be as high.

Tne spent dye solutions will retain some of the dye, usually about

5% of the original total and the solution will have a pH of about 4.

~~~~~~—~~~~~~~~~~~~——~~~~~ 
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At the time of the dye addition, there will also be materials

adde d to aid in dry cleaning and water repellency. These are

specialty chemicals, usually florocarbons, coordinated cnromiuin

fatty acids and salts. The skins are dried, furtner brusned,
additionally graded and shipped . These steps produce further

~ustings which are collected in a wet or dry system as noted

previously.
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Materials Process Effluent

PicKled
Sneepsi:in Degreasing Grease

Solvent Salt
____ —

Salt Solvent
Detergent s

~at er

Grease and Effluent
Solvent Recovery

Cnrom e Tanning Cr. Salts

Fiber NaCl
- ________ Stabilization —

~r. ~aJ t s  • Grease

Flecning Soii.d
a~~te

Vegetable Retan and Vegetable
Tanning Fatli~uoring Tanning

Oil ~IflUIS1OflS (~Jordanting)

I Buff ing
Buff ing Dust

Suedin g

A~O Dyes - Spent Dye
Formic Ac id yeing 

Solutions

Specialty
Cnernicalc

Leatner Dust

Snipping
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COMPOSITION OF EFFLUENT FROM A SHEEPSKIN TANNERY

DEGREASING (AFTER RECOVERY )

mg/i lbs/lOO doz skins

Salt 30,000 750

Fats & Solvent 2 ,000 50

pH 3.0 — 4 .0

BOD 2 ,000 50

Volume 3, 000 gal

CHROM E TANNING

Salt 30,Q00 150

BOD 1,000 5

Cr 5,000 25

pH 3.5 — 4.5

Fat 1,000 5

Volume 600 gal

RETAN AND FATLIQUORING

BOD ?, 000 20

pH 4.5 — 5.0

Volume 1,200 gal

DYEING

BOD 2,000 20

pH 4.0 — 4.5

Volume 1,200 gal

— ~~~~~~~~~~~~~ • ,_ •_ -;
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SPLIT LEATHER

The splits removed from the side leather during the upper

leather production are seldom completely finished by the side

leather tannery This is due to a difference in a marketing of

the products. Split leather tanneries get the chrome tanned splits

in a trimmed condition, from a side leather tannery. The splits

may then be re—split or snaved to a uniform thickness and the edges

trimmed. The shaved splits are then retanned, colored and fat—

• liquored similar to the side leather hides. The level of the

dyes used in splits is considerably higher as a suede type leather

is often made where a wide variety of bright colors is desirable.

The spent solutions will contain chromium salts, vegetable tanning

materials, dyes and some fats. Splits very often contain more fat

than is desired and during tanning natural fats will come out and

appear as scum. The splits are chrome retanned to bring them to

a uniform chrome content. This results in some cnromium salts

being left in the effluent. Efficiency of take—up of the onrome

tanning salts in a enrome retan operation is considerably lees tnan

the efficiency in a normal tanning operation. After dyeing and

fatliquoring, the splits are dried and additional buffing is done,

which results again in buffing dust. This will be collected

in a dry or wet system. The skins are then ready for grading,

measuring and shipping.

~ 
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Materials Process Effluent
Split Solid
Leatner Resplit Waste
from~ Side 

________ TrimmingsLeatrter ~ - Snave
Tannery Snavings

Cr. Retan Cr. Salts
Cr. Salts Equalization Fats & Grease

_______  of Tannage — 
pH 4. 5—5

• Similar to Side
Leatner

Vegetable Color and Vegetable
Tanning Tanning

• AZO Dyes Fatliquoring Spent Dyes
Oil ~~ulsions

Similar to Side
Leatner

Paste 
Drying Paste Wasn

Metn~rl Cell-u— Buffing Dustlose ,-. Staicing
Starch Buffing
Gum 
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TREATMEN T OF TANNERY WASTES FROM A

SIDE UPPER LEATHER TANNERY

The manufacture of leather from cattlenide results in

large quantities of very obnoxioux wastes. This is particularly

due to the unhairing processes in which aulfides are used and

also bacterial decomposition of nides and tanning materials in

poorly kept plants. Bad odors and bad water have been associated

with the tanning industry for centuries. Because of this some

societies have put tanners on the 1o~vest pw~Euib1e social stratum.

Tanners have tried to maintain reasonable community relationships

at the lowest possible cost. As a rr~~ n.od for unobtrusively

handling their effluent disposal , many ta2inecies are located in

small towns and communities where they are the do m inant industry

and chief employer.

The pollution load is very heavy aiid bne present methods

are unsuitable and not effective by modern standards. Tannery

effluent can be settled , clarified and made essentially odorless

by comparatively simple effluent treatment systems. These systems

cannot correct the BOD, which must be taken care of. The

concentrated wastes from the various departments have been described

separately as well as tne volume of flow from each department.

The flow from the soaking and unziairing operations contair~ a

large quantity of salt, is highly alkaline, contains suspended

particles of flesh, hair, dissolved proteins, dissolved fats and

soaps.

____________________________________ - S SS • -
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These materials are usual ly sent through a screen to remove

tne gross particles,and all particles ~~“ in diameter are removed

by tne screening system. For some tanneries this is the full

extent of the effluent treatment.

The lime unhairing system creates sufficient alkalinity to

dominate the entire tannery effluent, and if no furtner pH

adjustment is made and complete equalization is obtained, the

waste will usually maintain a pH above 10. One of the main

concerns is that the pH will drop below 9~ or 10 and release

nydrogen sulfide gas. On this basis, a number of tanneries

have installed automatic pH control for the introduction of lime

or sodium hydroxide into the effluent to maintain tile pH.

The acid wastes from the bate, pickle and tan operations as

well as those from tne retan and dye operations can be mixed witn

the alkaline waste from the unhairing. Thi s results in the

clarification of the solutions by mutual precipitation. Spent

chrome tanning liquors contain trivalent chromium sulfate and

are acid . Tne spent retan and coloring solutions contain anionic

vegetable tanning materials as well as acid dyes. These materials

also will react with the basic solutions from the lime unhairing

and through their neutralization, the proteins and otner materials

will approach their isoelectrjc point and aid in precipitation.

One of the standard practices in the industry could be to use

two large lagoons and alternate their use and collect the bottom

sludge . The sludge can be removed , after draining and drying,
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by physical means and carried off for land fill. This is tne

extent of tne usual treatment of tannery wastes but does not

represent the most modern systems or complete effluent systems.

Tile effectiveness of tnis system can be seen at tne end of the

primary settling in the Table on Page 30.

TREATT~1ENT OF TANNERY WASTES

From tne data given we see that tne tannery wastes are mostly

due to tne soaicing and un.nairing operations. In tnese processes

with tne degradation of nair and tne release of large quantities

of soluble protein material, a very heavy sludge results.

Practically all effective treatment practices of working tannery

wastes involve a combining of tne soaic and unnairing wastes

tnrough a preliminary screening. A preliminary screening will

result in the elimination of solids such as large pieces of

flair and small bits of fleen.

Concentrated wastes are nignly alicaline and they are sent to

an equalizing tanx. Tne bate and picxle wastes are strongly acid

and contain a considerable quantity of fat and suspended solids.

Since the rate of discharge of tne unnairing solutions and tne

bate and pickle solutions are not the same, tne two snould be

balanced so as to avoid tne lowering of tne pH to tne point where

hydrogen sulfide gas is released. The bate, pickle and tan wastes ,

tnerefore, can go into a holding t anx and tnen be added to tne

concentrated soax and unnairing wastes for equalization. Equal—

ization of the two wastes brings about a very good coagulation of
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MINIMU M TREATMEN T OF TANNERY WASTES

Soax & Color &
Unnairing Chrome Tan Fatliquor Finisning

_ _ _  
I

solid Waste ~~~~~~~~~~ ening

• Lagoon Lagoon

S To Stream To Stream

~~~~~~~
_ -  ~~ _ — -—•-----__ - _ • ~~~~ ~~~1 ~~~~~~~ ~~~~~
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some of tne suspended materials and will aid considerably in tne

settling of the sludge.

This preliminary settling will remove a large quantity of

the suspended solids. The settled effluent can then be sent on

to a further mixing tank in wnicn are added the finishing wastes,

color and fatliquoring wastes and tne wasn water from the unhairing

batne. The volume of liquid treated in the second mixing tanK

would be considerably larger due to tne large quantity of wasn

water tnat is used and the water tnat comes from tne coloring,

fatliquoring and finisning operations. If a wet buffing dust

collection system is used, the buffing dust would be introduced

at this point.

It is desired to bring tne tannery effluent to a near

neutral pH for Secondary treatment or for discnarge to a mimic—

ipal sewer system. The mixture will still be strongly alkaline

due to tne dominance of tne lime in the system. Tne addition

of carbon dioxide or acid can be accomplished at this point.

The most popular method is carbont dioxide. Carbon dioxide is

available from the flue gas and is intermixed witn the effluent

• to neutralize tne lime to form calcium carbonate. Calcium

carbonate is insoluble and will aid in tne coagulation and

coprecipitation of suspended solids. At this point iron or

aluminum salts can be added to aid precipitation. Secondary

settling can take place after tnis mixing for very effective

removal of solids. The sludge from the secondary settling can

be cycled back to tne primary settling tanK. This treatment

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
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up to this point would be tne limit of tne treatment if tne

effluent were going to a municipal sewer system. Solids would

be rather effectively removed, but tne solution would still

contain almost naif of the initial BOD. Tne- biological

treatment is much more expensive than tne combining and settling

systems of primary treatment, therefore, the biological treatment

is avoided if at all possible.

Tne effluent at this po int would be similar in composition

to that shown after the carbonation treatment in the Table on Page 30.

With proper settling the quantities of suspended solids, BOD

and cnromjuxn could be decreased to about half tne values given.

This is an area of research being investigated at this time in

order to optimize low cost effluent removal .

Biological treatments are very expensive , both in capital

costs and operating expense. The leather industry is trying

to avoid tnese treatments by discnárging their wastes into

municipal treatment systems if this is possible.

The addition of municipal sewerage to a tannery effluent

will aid in the seeding of tne system for activated sludge. The

popularity of the various systems will depend upon tne effective—

ness tnat is needed and the cost. The simplest and cheapest is

a lagoon system in which long retention times can be used.

Retention times of up to 2 or 3 days are most common aitnougn

the activated sludge system or trickling filter are mucn more

effective.

~~rn ~~~~~~~~~~
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DATA TA1s~EN FROM WPCR-ORD-5

Activated *

Plant Primary - Sludge & Sec.
Influent -Settling Efuluex~t Carbonation - Settling 

- -

pH
Alkalinity 11.8 11.8 8.7

Total
Solids 5066 5100 5713 4230

Suspended
Solids 872.8 540 436 372

Volatile
Solids 990 1020 479 170

BOD 1531 800 630 49

93 83 64 1.5

Cr 3 70 35 4.7 4.0

Set tleable
solids
mg/i 10.8 2.14 .66 Trace

~ Sanitary Wastes Added. Dilution to 150% by Sanitary.

- — - • • S — - - - - - - • - . -.
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Approximately nail of the total solids that are found in

tannery effluent is attributed to sodium cnloride. Sodium

cnioride is not remçved in any of the systems given and tnus

far the sodium cnloride is gone througn as a soluble solid

completely througn to the effluent stream. Tne concentration

of sodium chloride in the effluent stream either with or witnout

treatment will be approximately 5,000 mg per liter. Tne

possibility of removing the sodium cnloride from tne effluent

stream has not been considered in tannery waste studies to date.

Sodium cnloride could be removed from tne final treated waste

by ion excnange. Tne cost of sucn purification is very nign,

aitnougn data is not available at tnis time on tannery waste

treatment.

Two materials tnat are found in the tannery effluent wnicn

are considered objectionable are sulfide and the chromium.

Sulfide will gradually oxidize to sulfates and they will be

effectively removed in the activated sludge system or any

biological treatment. The most important consider&tion is tnat

tne pH of the tannery effluent containing the sulfides remain

nign enougn to prevent tne loss of hydrogen sulfide during

the flow of the concentrated waste. It must be pointed out

tnat tne chromium used is trivalent chromium ratner than

nexavalent cnromium . Hexavalent cnromiuxn is nignly toxic.

The toxicity of trivalent chromium is quite low. The spent

cnrome materials wnen mixed witn tne alkaline unnairing solutions

- ~~~~~O~~ 0 - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 0~~
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precipitate as chromium hydroxide. This will act as a coagulant

in the settling of solubilized proteins.

With an effective secondary settling system, the quantity

of chromium in the solution can be dropped to less tnan 1 part

per million. It is interesting to note that in Milwaukee, Wisconsin

the sludge from the municipal sewage plant is processed into

fertilizer. Milwaukee nas several large tanning operations and

we have found that the analysis of the fertilizer sold from the

Milwaukee sewage treatment plant contains .25% chromium. This

would indicate that there is no ob3ectionable toxicity from

trivalent chromium for irrigation purposes.

RENDERING OF FLESHINGS

Some tanners render the flesn ings to recover the grease.

The rendered flesnings is a profitable venture and an easy

means of disposal of the fleshings. The common practice where

this is being done is to run the rendered flesh water into the

concentrated effluent stream and discharge it directly into

tne river. In the scheme outlined, the rendered fleshings would

be removed partly by the screening and partly by the initial

settling with sludge.

Rendering of flesninga contribute very highly to the BOB

and the total suspended solids. In a complete waste treatment

system, rendering of the fleshings would probably be kept

completely separate from the liquid effluent disposal.

- 
- 
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REMOVAL OF SLUDGE

The removal and concentration of sludge and tannery wastes

nas been a major problem. The sludge as settled contains about

7% solids and from a large tannery as mucn as 10,000 gallons a

day could be obtained. Sludge can be concentrated by a vacuum

filtration or by pressure filtration.

In either filtration system, the addition of tne buffing

dust from the dust collection system will act as a filter aid

and allow much better concentration of the wastes. A sludge

of as nigh as 40% solids can be obtained on a pressure filtration

system. This solid sludge could be used for land fill or could

be possibly used for a base material for fertilizer. Several

fertilizer systems have been developed that are based on the

use of tannery effluent.

SUBSTITUTION OF PR0CESS~~ MATERIALS

The largest single contaminate in the tannery is tne

hide itself. Since most of the effluent in the tannery is due

to the soaking, unkiairing operations, it would be most desirable

if these operations could be eliminated from tne tannery. Hides

that have been unnaired and have been treated tnrough the pickle

are in a stable condition- of preservation being held at low pH

and relatively nign salt concentration. Pickled hides can stay

in storage for as long as a year or more witnout bacterial

degradation. This nas been the accepted commercial practice in

the sheepskin industry for many years.

_ _ _ _ _  - 
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Since pickled hides weigh less tnan green salted bides,

the freight costs of shipping the hides in the pickle is

considerably less and there are further advantages in that

surface defects in pickled hides can be seen since the flair is

removed.

The economic advantage of buying hides pickled results from

the elimination of the salt curing step at tne picking plant.

There are several commercial pickling operations now working in

the United States and it is expected that pickling will become

a more acceptable commercial process in the future.

The technology of the unnairing and pickling operations is

more complicated tnazi the curing operations and its commercial

acceptance has come slower than expected. For the tanner faced

with an effluent problem, the purcnase of pickled hides would be

a solution to most of his problems, nowever, this shifts the

effluent problem of the unnairing operation to tne pac~ing plant.

The relative impact of tnis effluent problem in an area wnere

a large number of cattle are being slaughtered would be less than

it would be in the usual New England communities with a tannery.

Processing can be carried a bit further in tnat the hides can

be not only pickled but also cnrome tanned. In the chrome tanned

state, many of the same advantages are obtained tnan we have from

the picxle and one more step is eliminated from tne tanner’s

operation, with a resulting labor saving and a decrease in the

effluent problem.

- - - -~~~~~~~~~ - --‘,~ -~~- --~~~~~~~~~~~
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Several commercial operations based on tne manufacture of

cnrome tanned leatner or “blue side ieatner” are now becoming

cor~mercial.

DETERGENTS

There has been a substitution in the wetting agents in

detergents used in the leather industry toward the biodegradable

materials. Phosphate based detergents have been all but eliminated

and the wetting agents used in the tanning industry are limited

almost entirely to the nonionic biodegradable type.

DISINFECTANTS

The disinfectants used are generally mixed cnlorophenols as

priority products. The tanning industry will probably continue

to use tnese materials until sucn time as tney are snown to be

toxic and regulations would call for tneir elimination.

There is little nope of change of the process materials

for low polluting process materials in tne coloring, fatliquoring

and finisning areas since these are minor pollutants in tne

consideration of tannery wastes.

REUSE AND RECYCLING

Possibilities for reuse and recycling of solutions in the

tannery are quite good . In the manufacture of leather in tne

earlier processes years ago, the unnairing was conduced in vats

and the solutions were reused and the amount of material dumped

was considerably less. 
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In modern technology, to save labor, more concentrated

solutions are used and it is necessary to wasn ratner thorougnly.

The reuse of tne lime unnairing system solutions is not being

considered as a means of effluent removal in the modern leather

industry due to nign labor costs.

The waan water from the lime unhairing, however, could be

used as a water supply for tne soaking and urmairing operations,

tnus decreasing the total volume. The chrome tanning solutions

could be collected separately, analyzed and recirculated. Systems

of this type were developed during World War II for the saving of

the valuable chromium salts at that time. In modern tecnnology

more concentrated solutions are used and these would adapt

tnemselves better to tne recycling processes. More effective

systems could be devised for tne recovery of grease from the

spent solutions. Waste tannery grease nas value for the

manufacture of soaps and tannere’ fatliquoring oils.

There is little possibility for recovery of spent materials

and recycling in the coloring, fatliquoring and finisning operations.

~OST OF TANNERY EFFLUEN T TREA TI~1ENT

Cost of tannery effluent treatment has been estimated in

the industrial waste profile for the Department of the Interior

and the figures given in the ~~~~~~~~~~~~~~~~~~~~ indicate the

cost of tannery effluent treatment by this study. An additional

study of the activated sludge treatment as given by tue water

pollution control reeearcn series gives additional data on the

cost of tannery effluent treatment. It is anticipated that
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complete treatment of tannery effluent would be between ~Ø a foot

up to l~ø per sq foot of leatner sold. Tne side upper leatner

sells for between 6O~ and 85~ per sq foot on todays market.

The cost of effluent treatment including tne capital investment

has proven to be too nigh for some tanners to accept and tne

effluent problem has resulted in the closing of some marginal

tanneries in New England.

EFFLUEN T TREATMENT FOR SHEEPSKIN LEATHER TANNERY

The sheepskin leather tannery has much less of a problem

in effluent tnan a side leather tannery. Sneepskin leather

tanneries are generally smaller than side leatner tanneries, but

tney do not nave tne unhairing and soaking problems. The degreasing

operations and tne chrome tanning operations are possible causer

of pollutants. The degreasing, if effectively run, will not

result in a discnarge of grease or solvents into tne sewer. Tne

solvent emulsion containing the grease can be broken effectively

and distillation of the solvent for tne recovery of the solvent

and grease is essential for a profitable operation.

The waste discharges from a suede tannery will include tne

buffing dust and a relatively large amount of dye. For effective

treatment of tne effluent from this tannery, neutralization of tne

acid wastes should be accomplisned and followed by a lagooning for

the settling of tne solids. Tne color, under tnese circumstances,

will be eliminated and upon long standing the BOD will be greatly

decreased. 
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SPLIT LEATHER TANNERY

The split leather tannery wastes are easier to nandle than

those from a sheepskin tannery. There is no degreasing operation

or if a degreasing operation is used, then the quantity of degreasing

material is less than in a sheepskin tannery. The effluent will

be acid, will contain considerable quantities ot’ dye, vegetabie

tanning materials and some chrome tanning salts. Effective

neutralization of the wastes and settling should maAce this waste

acceptable for a municipal treatment plant. The volume of effluent

from a split leather tannery would probably be too small to warrant

the introduction of the biochemical treatment process.

~OLE LEATHER

In the manufacture of sole leather severe pollution results.

For the quantity of hides processed the pollution load is much

greater tnan that found in a side upper leather tannery. Sole

leather is made by tue vegetable tanning process which results

in a large discharge of spent vegetable tanning materials of

nign BOD.

There are no sole leather tanneries in tue Merrimack basin

so a discussion of sole leather tannery effluent would not be

pertinent to the problems of this area. For tnis reason sole

leather tanning was not included in this report. 
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COST OF TANNERY EFFLUEN T TREA TMEN T

FROLI FVVPCA VOL III NO. 7

in $1000’s

Small i~iedium Large
300 hides/day 300 hides/day 300 nides/day

Capital Operating Capital Operating Capital Operat—
Costs Year Costs Year Costs ing Year

Screening 2—13 .1—1.5 4—25 .3—3 10—60 1-9

Sedimen—
tation 10—20 .45—1.5 20—40 1—3 45—100 2—6

Chemical
Pre cipita—
tion 10—80 1.5—7 20—160 3—1 5 45—100 9—45

~TricklingFilter 27—80 1.5—4.5 50—150 3—10 100—300 7—25

Act ivated
Sludge 34—100 1.5—8.0 75—250 3—16 150—500 7—40

Lagooning 2—5 .1— .6 
- 

5— 10 .2— 1.3 13—30 .5—3

Oxidation
Point 3—7 .6—2 7—15 3—5 16—40 6—30

Sludge
Disposal ———— 1.5—7 ——— — 3—15 8—40

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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INTRODUCTION

The pulp and paper industry in the United States is

tue fifth largest industry in the value of assets and is

tentn in the largest in value of shipments of manufactured

goods. The quantity of paper produced is continually

growing, but at the same time, the amount of waste produced

per ton of paper is decreasing.

Witn expansion in the industry, tne total amount of

waste produced remains nign witn a total output of 3

billion pounds of suspended solids, 3 billion pounds of

BOD carried in 960 billion gallons of water. Projected

figures, taking into consideration triat there nave been

cnanges in tecnnoiogy, indicate a growtn rate of about

2% per year in all categories of waste loads and waste

water quantities.

One of the major factors in pollution in tne paper

industry are tue old mills. Papet mills were ideally

located in forest mills to make use of tue available

pulp logs. The industry also requires tremendous

quantities of water (up to as hign as 50 tnousand gallons

per ton of fiber produced) . Vinen these mills were built,

consideration was not given -to -the effect of tne paper mill

on the streams. Now these old plant s with their neavy

pollution loads are a serious problem. These mills are

usually located in rural communities and small areas wnere

tney are tue major employers. 

- • .
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Paper making may be divided into 2 major steps:

1. The preparation of the fiber, or purification

of the fiber.

2. The assembly of the fiber into a useable form

or final product.

The preparation of the fiber from the raw wood is

called pulp making and the preparation of the fiber into

tue final product is called paper making.

~~LP MAKING

Wood, as it is received, at the paper mill contains

bark, surface dirt and. heart wood. The surface dirt of the

logs is removed by washing with water . The waste water from

this wasning is reused , if possible, as the g?it and the

bark are removed.

DEBARKING AND CHIPPING

— 
- 

The bark can be removed either by mecnanical, hydraulic

or chemical means. Debarking m~chanica1iy, means efficiency

is low and the power consumption is nigh. By hydraulic means

the log is debarked by the use of high pressure water jets.

This uses considerable quantities of water, although most of

this is recycled. Chemical debarking is a process, that is

at present , in the experimental stage and has not been

completely developed.

(



r - — —
~

-----

3

Bark is easily disposed of by screening and incineration.

Tue log is tnen fragmented and cut into small portions for

digestion into fiber lengths. This is done by cutting the

log into chips by sharp iaiives, leaving a cnip approximately

1” sq by less tnan ~~
“ thick.

PULPING

Pulping is tue process by wnicn the cellulose fibers

are separated from the rest of the wood . Wood cnemically

consists of a complex mixture of polymers consisting of

poiysaccnarides and lignin. The polysaccnaride portion is

~nostly cellulose and accounts for 70 to 80 percent of tue

wood tissue. The cellulose comprises tne main portion of

tne wood , and is about 40 to 50 percent in weignt and is

resistant to attack by chemicals. The lignin serves as

a cementing agent for the wood and keeps tne cellulose

fibers together in a firm structure . Lignin is a complex

polymer of substituted phenols which can be dissolved at

nign temperatures by strong alkalies or by reducing and

oxidizing agents.

~iECHANICAL PULPING

The mechanical process consists of cutting, grinding

and debarking the log into small blocks wnich are tnen

forced against the grindstone in tne presence of water.

Mechanical separation of the fibers is done strictly

~~~~~~~~~~~~ 
_ _ _  _ _LL~~~~~~ ~~~~~~
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mechanically and only the poor grade quality papers can result

from this system.

CHE1~iICAL PULPING

The principle chemical processes in paper making are

the sulfite, sulfate (kraft ) and soda process. The systems

are based on dissolving the lignin sufficiently so tnat tne

fibers can be separated. All use neat , pressure and nignly

concentrated solutions.

SULFITE PROCESS

The sulfite process consists of digestion of the wood

chips in a solution containing bisulfite and an excess of

sulfur dioxide. The reaction of the sulfite witn the lignin

aids in the solubilization of the lignin and splits tue

— 
lignin cellulose complex. This process yields pulp wnicn

is good for bleaching, which gives a nigh degree of brigutness

to the paper. The sulfites used can be calcium sulfite,

but in some of the newer mills magnesium sulfite, ammonium,

or sodium bisulfites can be employed.

SULFATE 5YSTE~ OR KRAFT SYSTEM

In the kraft system, the wood chips are boiled under

pressure with a solution of sodium sulfide and caustic soda.

This solution will dissolve the lignin and otner non—

cellulose portions. The chemicals are recycled and

regenerated.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Sulfide in the ia-aft process causes a fast dissolving

action. Two or tnree nours are used for digestion. The

paper from the kraft process will yield a pulp tnat is

nigh in yield. The resultant pulp is difficult to bleach

to a high degree of brightness. The residue from the

chemicals can be reused and the dissolved organic matter

is burned for the generation of power and steam. This

system can be done either by a batch process or by a

continuous process wnich is more modern and efficient .

SEMI—CHEMICAL PROCESS

In the semi—chemical process some of the same chemical

treatment is used as in the kraft process or in the sulfite

process, but the treatment is more mild and the final

separation is obtained by mecnanical means. There may or

may not be chemical recovery incorporated into these systems.

WASHING AND SCRE~~ ING

The pulp fibers, after having been chemically separated

from the ligiin and polysaccharides, must be separated

mechanically. The coarse fiber must be separated from the

fine fiber. Two cleaning operations are used with coarse

and fine screening.

~ 

-
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There may or may not be a wasning or thickening

and dewatering between tne cleaning operations. All dirt

and grit particles are not removed. These are usually

removed by a centrifugal cleaner with tue fibers held

in suspension.

The thickening and dewatering are done to concentrate

the pulp to increase its consistency. The water is usually

removed by vacuum filters in modern tecnnology. Some

washing may be incorporated in the thickening.

BLEACHING

The purpose of bleaching is to produce a brighter

pulp. To do tnis, light absorbing substances such as

carbonates and minerals must be removed. The pulp is

then bleached by peroxide or nydrosulfide in several

stages. A washing cycle is employed after eacn stage.

Tue water is recycled and reused wnenever possible .

The bleached pulp may be dried and made into tnicic

sheets and sent to a paper mill. The mill may be botn

pulp and paper mill, in whicn case, the bleached stock

or pulp may continue on into the remaining stages of

paper manufacture. There are other sources of pulp used

by the industry which will include puip made from jute ,

flax , cotton , rag and reworked papers . The waste papers

may be de—inxed by dissolving the m x , then releasing tne
ink and pigment . This can be removed from the pulp in

suspension wasnirig. Reworked papers are used in tne

- -

~ 
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manufacture of cardboard s and heavy box material. The de—izuced

and washed pulp is treated and finisned much the same as

other types of pulp at the mills.

PAPER PRODUCTION

Preparation of the pulp for paper manufacture involves

beating and refining, mixing and screening. The function of

these operations is to further masticate the fibers, sort

them a~cording to sizes in accordance with the type of paper

being made to give a degree of sznootnness to the finisned

product. Continued beating opens the fibers, loosening tnem

into the desired lengths, strength, density and optical

capacity.

They can tnen be put into a slurry form and sent through

tue operations at the paper machine. Additives mignt now

be added, to make the paper more water resistant, opaque,

dense or colored and to increase its wet strength .

PAPER MACHINE

The actual forming of tue paper is done in a paper machine

where the slurry of paper is flowed onto a moving screen.

With the vibrations of the screen , fibers are compacted to

from a mat as the water is drawn away. The mat is tnen

dehydrated and dried in a cylinder macnine. Woolen felts

are used to press out the water prior to going through tue

dryer section which consists of a series of highly polished,

steam heated cylinder ro~le.

_ _ _ _
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After drying, the surface of the sheet is smoothed

with a calender roll and cut to size. Many of tue

materials used in the manufacture of paper to give it tne

characteristics wnich it nas, are added in the beaters.
— 

These include fillers of organic or inorganic types such

as roam s, starches, silicates, clay and others.

The combined wastes from a paper mill, including

those from the beater, the paper machine, the bleach

equipnent, and various other washings are classified

broadly as “white water.” The chemical composition of

this white water will vary considerably depending on tue

type of paper being made. The total solids will vary

from as hign as 4,000 or 5,000 mg/l, down to a iow of

200 mg/i . It is a slightly alkaline waste. Of the

total solids, mucn of it is caused by suspended fibers.

The volume of water in gallons per ton of fiber processed

also varies considerably and may go to a nign of 25,000

gallons per ton. For a tissue mill , a box board mill,

or a heavy cardboard type paper mill, the volume may be

as low as 5,000 gallons per ton.

AND PAPER MILL WASTES

Modern paper mills have been designed with stream

pollution in mind with effluent treatment considered to

be part of the business. Tue pulp mills tnat work logs

- .
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POLLUTION FROM THE PULP AND PAPER INDUSTRY
SOURCES, TYPES, AND METHODS OF ABATEMENT*

Source Nature of Pollutant Method of Abatement

Wood Room Bark, bark fines passing Bark pressed and burned
Debaricers and tnrougn screens, grit in baric boiler, aen and -

Screens from logs grit collected for land
dispo sal fines removed -
in primary clarifer.

Iáecnanical Fiber fines, grit from Fines removed in primary
Pulping stones, BOB (large clarifier, grit settled

installations) out in settling cuambers , 
-

BOD reduced tnrougn
biological treatment.

Cnemical pulp- Fiber fines, soluble Fines removed by primary
ing (or cook— organics (BQD), clarifier, clarified
ing) and crude soaps, color effluent treated bio—
washing bodies, soluble logically to reduce BOD -

inorganics by means of aerated
lagoons or some modific
tion of activated sludge
process, crude soaps
collected during liquor
evaporation and snipped
as tall oil or burned
concentrations of color -

bodies and soluble in—
organics reduced by
dilution in receiving
waters.

Screening Knots, snivea, coarse Refined, cleaned , and
fiber, soluble organics returnea to system ; water
(BOD) recirculated; dirt, snives

and fines rejected are
tuen removed in primary
clarifier, BOD reduced by
biological treatment .

Bleacning Fiber fines, soluble Fiber fines- removed in
organics (BOB), color pirmary clarifier or
bodies, soluble settling lagoon, BOB of
inorganios clarified effluent reduced

by biological treatment
( lagoons , activated elud-
process , or modification ,~color bodies and soluble
inorganics reduced in
concentration by dilution. 

--
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Source Nature of Pollutant bietnod of Abatement

Paper Fiber fines, clays and Filler clays and fiber
manufacturing other minerals fines removed in

primary clarifier--
may require special
cuemical treatment
witn alum, lime, or
ferric compounds.

Coating (on or Coating minerals, binders Primary clarification,
off macnine) such as starch nave a employed to remove

BOB coating minerals in
suspension, may require
special treatment; BOD
of clarified effluent
reduced in biological
treatment.

“Prom Industrial Pollution Control Handbook, Herbert P. Lund

r ,— ..-
~ _
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into pulp must necessarily be large operations for tue

efficient use of tue equipment. They process between

200 to 1,000 tons of logs a day. Approximately nalf of

the pollution load from the pulp mill comes from the

concentrated solutions in the digesters. These solutions

will discnarge between 100,000 and 120,000 mg/i total

solids and 35,000 to 50 ,000 mg/i BOD. The remaining

suspended solid load comes from tue diluted rinse waters. -

The total wood pulp production made in 1962 by tne

kraft sulfate process accounted for 53 percent , the mechan-

ical ground wood 11 percent, soda and semi—cuemical process

10 percent, and sulfite system 9 percent.

NATURE OP WASTES

Suspended solids from paper mills consist of particles

of bark and silt from the wood room . There are fine fibers

and particles from the paper making processes, pulping,

coating and filling materials like clay, calcium carbonate, and

titanium oxide. Settleable solids comprise 75 to 95 percent

of the total solids load. In addition to the settleabie

organics , there are soluble organic compounds tnat are

removed from the pulp during the pulping operations. These

include sugars , carbohydrates , lignosulfonate and other

non—fibrous portions of the log. There are also inorganic

salts from these chemical processes.

ri ~~~~~~~~~~~~~~~~~~~
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Tue discharge of large quantities of paper wastes

can result in an overgrowth of micro—organisms which will

deplete the oxygen from the water making it unsuitable for

fish and other forms of aquatic life. Soluble inorganic

materials have caused very little trouble so far. An

exception is tue addition of certain inorganic nutrients,

to the water , wnicn aid in the development of algae . Some

pnospnates that are discharged by the manufacture of pulp

and paper may result in the wild growth of algae in the

stream.

WASTE DISCHARGE PROM T}~ SULFITE PROCESS

In tile sulfite process, tue wood cnips are cooked witn

sulfurous acid and sulfur dioxide and other sulfite salts.

The lignin is dissolved along with the other cellulose from

tue wood and a pulp yield of 40 to 45 percent of the original

wood is obtained. An approximate equal weight of soluble

lignins and carbohydrates plus one ton of lime and a ton

of sulfur are discharged as waste for every ton of pulp

produced by-this method. The sulfite process was one of tue

first developed and used in the United States and tue

chemicals used are cheap. They were discarded rather tnan

recovered by expensive recovery systems. Sulfite pulping

is one of the most serious sources of pollution in the

pulp and paper industry.

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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WASTE DISCHARGE FROM THE KRAPT PROCESS

In the case of the bleached and unbleached kraft pulp,

the concentrated liquors from the digestion after separation

from the fibers are evaporated down to about 50 percent

total solids, then further evaporated and finally burned

to remove the organic matter. The organic matter and

gases serve as fuels and reducing agents for the sodium

sulfate. This results in the formation of sodium sulfide

and carbon dioxid e , in accordance with the equation given

below:

The resulting sodium sulfide and sodium carbonate is

treated with slacked lime which forms caustic soda and

calcium carbonate.

Na2SO4 + 20 
~ 

Na2S + 2002

This sulfide caustic liquor is then recycled for

the digestion of more wood into pulp.

Na2CO3 + Ca(OH)2 — ~~~ 2NaOH + CaCO
3 
‘~‘

The ~alciwn carbonate can be run tnrougn a kiln and

will produce calcium oxide wuich will be used for the

recovery of the spent material as previously indicated.

Most of the organic matter dissolved during tue pulping

process is used. in the recovery of onemicals.

CaCO3 ~ 
CaO + CO2 1’ 

-- 
- .- -- ,

‘. •
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The pollution load from this process is considerably lower

tnan in the sulfite process.

WASTE DISCHARGE PROM THE SEMI—CHEI~iICAL PROCESS

In the semi—cuemical puips, the pollution load is

midway between the kraft and the sulfite metnods in

pollution characteristics. Less chemicals are used tnan

in the sulfite method, however, most semi—chemical plants

do not have chemical recovery systems for economic

reasons.

RITE WATER WASTES

The effluent from paper making is dependent upon

the chemicals used in the particular paper in question .

The materials may be enumerated as follows :

(1) the fiber itself

(a) cellulose (b) 1ig~iin (c)  wood sugars

(2)  dispersed substances extracted during slush—

ing of tue stock in the nydropuiper or breaker

beater

(a) rosin (b) starch (c) glue (a) casein

(e )  paraffin ( f )  synthetic resins

(3) dispersed substances added to the fiber and not

retained on the paper during its formation

( same as 2 above)

(4 )  coatings added after the paper is formed

(a) starch (b) casein (c)  syntnetic resins —

(d) paraffin

— —‘------ —. —S I~~~~~~ - -- -_& -_.. ~~~~~~~~~~~~ 4 _ j
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TREA TMEN T OF PAPER i~ILL WASTES

The treatment of pulp and paper mill wastes will

vary somewhat from one factory to anotner depending upon

the type of paper processed and tue type of pulping

system used. In all cases, the problem is somewnat

similar in tnat a large volume of solution must be

woricede

There is a problem of removal of considerable

suspended solids and high BOD. Some of tue materials

sucn as tue very fine - suspended fibers are not bio-

degradable and contribute to a considerable volume of

sludge. The color of the materials are, in general,

riot biodegradable.

In modern plants wnere effluent treatment is

considered part of tue process and solutions are

properly recycled, tue total pollution load is greatly

reduced. In some instaxLces tne pollution contribution

of certain processes nas been entirely eliminated.

Tue treatment of effluent from the paper mill and

paper pulp industries can include four major categories:

1. Pretreatment Facilities — pretreatment facilities

are designed to remove the grit and coarse

material and neutralize the alicaline or acid

wastes. Mucn of tue alKalinity or acidity of

the wastes can be neutralized by properly mixing

— 1 T 1  - - ~.;- - - -

— S -~ —.5-——-. - 
— 2 •~~~~ - _ .~~ ‘t~
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Waste Ch*ractensticsWast ewster

Raw Materials Processes Consposition Flow, S BOD. S SS. S

Lop a_f Wood preparation t. ‘°~‘~~~ ~‘ 6.2 0.4 3_s

- 1 Black-liquor leaks.
Digestion liquors Pulping - 

~~ — lilite iflUd Washing. 16.1 44.6 S It

I ~ ~~~ j  
liquor washing

White or reuse 
~~ 

Scr~~ning. washing, L~ • Fibers, dilute 7.3 17 .0 2 W 5thickening 
j 

black liquor

Bleaches ~~ I - Color. unrc~ .t ed
caustic wa(Cr Bleaching i— ‘— chlori,w , org~nics 42.0 h A )  It

_ _ _ _ _ _ _  x

Dyes. tillers, wate r ~ Paper making ~ Fibers. additives 27 .4 21 2 S7 .6 —

.1
V

Figure 5.7 Wa stewater chara cteristics from the kraft process.

Table 5.14. Water Reuse and Waste Reduct ion Kraf t Process”

W a stewa t er
Wa ste loads Quantitie s
Reductions, Reductions.

- -~ - - P rocess Wastewater Reuse % 
—

Wood preparat ion Evaporator condensat e. Log flume. debarker. showers 80-90 70—85
bleac h pu lp washer
f i ltrate

Pulping Recovery condensates Dilution water , caust iclzer, 30
screening, dc-inking. wood 60-90~ hO- - 9Q5
preparation

Screening, washing . White water Makeup water 20_60r 20 6O~
and thickeni ng

Bleaching 30—80
Paper machine White water Paper machine , stock 20—70 60—80

preparat ion, bleaching, pulp.
wash ing, and wood preparation

~From The Cost of Clean Water [I].
5Liquor ~ecovery.
~6O to 90 percent with multistage countercurrent vacuum filters.

~~~~~~~~~~~~~~~~~~~~~~~ - - -- ““ .“~~ “-
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effluents from different sections of tne

mill. Bleacnery wastes can be combined

with wasu wastes from tue pulping operations 
—

and tnis may result in a better sedimentation

of tue effluent and a reduction in odor.

2. Primary Treatment — Primary treatment is

designed to remove the suspended solids

and some of the coarse organic matter. The

suspended organic matter may be in tue form

of a colloidal suspension and if tnis suspension

can be broken or coagulated by cnemical means ,

tue BOD of the secondary treatment can be

greatly decreased.

3. Secondary Treatment — Secondary treatment is

designed to remove the BOB and, for tni s reason,

worxs primarily on tue soluble organic portions

of tue effluent.

4. Tertiary Treatment — Tne color of tne dissolved

solids is not easily removed from paper mill

effluents by any of the above treatment systems;

tnerefore ,- ce~’tain advance treatments will eventually

be required. At the present time tne tertiary

treatments are a subject of researcn in tue

pulp and paper industry, but are not part of

tne normal commercial treatment practices.

L I
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PRETREATMENT SYSTEMS

The most common pretreatment system employed is

screening to remove the dirt and grit from debarking

and some of tue wasnes. Tne effluent from the screening

goes to land fill or burning. The wasn water from tne

pretreatment systems or neutralizing systems go to tne

primary settling treatments.

PRIMARY TREATMEN T

The primary settling is of most importance in paper

mill effluent treatment and is in fact tue only treatment

given in many paper mills. One of the most common systems

is a dual parallel lagoon system wnere sedimentation

may take place by alternating from one lagoon to tne

otner , with one lagoon acting as a drying bed Wuile tue

second lagoon is in use.

The settleable solids may be aided in the floc-

culation by the addition of alum or iron. Tnis is

particularly effective in the removal of rosin and gum.

It has been found tnat shallow lagoons are far more

effective than deep lagoons. With the suallow lagoons

less tnan five feet deep, it is mucn easier to drain tue

sludge bed. If the sludge bed were very deep, the

dewatering of the sludge becomes very difficult.

~
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Many of the more modern mills nave installed circular

settling basins of the conventional type. These are

primary clarifiers which will give a settleable solids

removal of up to 95 percent or more , depending upon tne

operating practice. They usually operate with a flow rate

of 600 to 700 gallons per eq ft per day. An average

retention time of approximately 4 hours is considered to

be good practice.

Air flotation can be used to remove some of the fine

fibers. The fine fibers can be reintroduced into the

process and recovered. Good settling practice will also

remove some of tue suspended color but will not remove

some of the dissolved color that is due to the lignin or

tue tannin in tue solution.

The sludge removed from the settling systems has a

consistency of 2 to 6 percent solids. The sludge from

the settling units can be dewatered and concentrated by

using drum filtration, belt filters or by centrifuging.

In some operations, thickening 18 followed by pressing

to further decrease tue moisture content,

The final deposition of the sludge may be land

disposal, but the total area of land necessary is very

large due to the tremendous quantity of sludge. The

alternate choice to land disposal is incineration, but

it is not often followed because of the hign operating costs.

-- _____________________________________ - . - - 
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SECONDARY TREATMEN T

Tne waste water from the primary treatment is

often sent tnrough equalization facilities in order to

correct the pH and even out tue temperature. It may be

necessary to add nutrients at tuis point for tne

secondary treatment. In the case of the mill wastes

in which large quantities of alum are used, some of

the phosphates added may be taken up in the formation

of aluminum phospnate compounds. Under tuese circumstances

additional phospnate will be required.

Under normal conditions one part of pnospnorus and

five parts of nitrogen are needed per hundred parts of

BOD to be removed in a secondary treatment. The enoice

of biological treatments in a particular installation will

depend on the volume of flow and the position of the company

relative to capital investment and operating costs. The

nature of the waste is also important as is the available

land area. Tue activated sludge process is particularly

amenable to the treatment of paper mill wastes and during

- 
- the past few years, the improved design has resulted in

85 percent BOD removals. This process requires an excellent

contact of tue oxygen with the solution. Tnis is maintained

by forcing air tnrougn the system. This will result in

the production of about -
~~ lb of excess biological organisms

per lb of BOD removed.
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It is necessary to remove tnese organisms and tnis is

usually done in the secondary clarifier. Tnese clarifiers

will have a flow rate of about 800 gallons per day per sq, ft.

Particularly effective secondary clarifiers have been

employed in the industry and effluent concentrations of

from 50 — 100 mg/i of suspended solids after this

clarification are quite common .

Trickling filters nave also been applied. Tue

trickling filters have a tendency to clog witu tue slimy

materials produced. They have a hign degree of efficiency

to remove BOD at loads of 100 to 700 lbs of BOB per tnrousand

Cu ft of media per day. This results in a teonnically and

economically feasible approach in some applications.

Frequently an aerated lagoon is used wnicn will remove

from 40 to 75 percent of the BOB present in the mill waste.

The large space requirements of this arrangement nave been

somewnat offset by increasing aeration with floating type

equipment. This results in a well aerated lagoon approximately

1 to 2 acres of area per million gallons of waste water flow

per day. Roughly 10 lbs of BOD may be applied per thousand

cu -ft of lagoon volume. Oxidation pounds and stabilized

lcgoons may also be used. These are of less value in

northern climates , but are good in the soutn wuere good

photosynthetic activity can take place. Lagoons should not

be more tnan 5 ft deep and should receive a loading of about

____________________________  _~~~~~~~
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50 lbs of BOD per acre. A typical industry practice

provides for 40 to 50 acres of pond area per million

gallons of mill waste water.

Irrigation disposal is also possible and is applicable

where the land is available so that between 10 and 100

thousand gallons per acre per day can be distributed.

Under thi s system the wastewater should contain less tuan

200 lbs of BOD per acre per day.

TERTIARY TREATMEN T

This treatment is used to obtain a furtner purification

of the wastes, to neip remove some of the DOD , color

temperature and dissolved solids. Color removal is tue

usual target for tertiary treatment. Undcr these cir-

cumstances, the investigations have been made on a use of

ion exchange or carbon absorption electrodyalisis.

Aitnough these systems are expensive, they are effective ,

-- and will remove up to 90 percent of the color. There is

a limit on the amount of color that can be removed by

biological treatment in the waste water from a kraft miLi .

One system that works quite well is the massive lime

treatment in wnich the caustic bleaching wastes can be

cleaned. Lime is put in for the absorption and chemical

reaction on the surface of tne lime. Tne lime is pre—

cipitated, dewatered and recausticized.
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There is very little data available on the feasibility

of color removal and inorganic solids by treatments like

electrodyolisis, reverse osmosis and ion excnange. Witri

tne large volumes of water that are needed for tne paper

industry, the removal of tnese materials by tnese advanced

treatments does not appear economically feasible.

DISCHARGE INTO MUNICIPAL EFFLUENT PLANTS

One of the main problems of discnarging pulp and

paper mill wastes into municipal effluent plants is tne

large volume of effluent from the mill. Most paper mills

are located in small towns or rural areas and the effluent

would, tnerefore, dominate the treatment system. The

tecnnical difficulties from treating the mill wastes in

a domestic system result from the problems of hign

temperatures, pH, foaming, sulfur compounds, as well as

a nign suspended solids load and hign onlorine demand.

We can expect, however, an increase in the joint municipal —

industry treatment systems, following a trend of the past.

These plants will, probably, be treating wastes tnat nave

been given primary treatment at the mill.

!ATER REUSE AND BY—PRODUCT RECOVERY

The newer tecnnology in paper manufacture calls for

fine screening and recycling of waste water wnenever

practical. The recycling of chemicals in the kraft

process and treatment systems in the new tecnnology greatly

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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decrease the pollution load and volume of effluent. In

white water wastes, it has been shown that for some types

of paper a complete recycling system can be feasible.

Although this cannot be applied in all cases, it does

point to a method of completely eliminating tne waste

from some parts of the industry.

With tne more effective waste treatment in tne modern

technology, there , is: the possib].q recovery, of valuable wood by-

products from spent liquors of tne pulping operation. These

products include turpentine, tall oil, yeast, alcohols,

vanillin, etc.

COST OF EFFLUENT TREATMENT

The capital costs of effluent treatment for paper

mills vary considerably witn the type of mill, tne size,

and whether the mill is operating on the new or old

technology. The capital costs represent from 2 to 4

percent of the entire capital investment in new mills.

The cost of operation may represent from 15 to 30

percent of the original capital cost of effluent treat—

ment per year. Some typical treatment costs are given

in tne following diagram.
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